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INTRODUCTION 


_. By Frederick Reiss 
New York University-Bellevue Medical Center, New York, N. Y. 


It is a pleasant duty and a great honor to introduce this monograph, 
which is the result of the first conference on medical mycology in the 
United States. The many authors and the diversity of their topics are 
indicative of the growing interest in the subject. The purpose of this 
monograph is not only to present recent data, but also to discuss some of 
the fundamental aspects of our problems which await elucidation and solu- 
tion in the future. 

Mycology had an earlier start than bacteriology. It continued to attract 
attention until the Seventies or ’Eighties of the last century, when the 
epoch-making discoveries of Pasteur and Koch in the field of infectious dis- 
eases brought bacteriology to the fore and relegated mycology to the back- 
ground, where it has remained for many years. There is little doubt, on the 
other hand, that mycology gained an important place not only in botany and 
cognate technology, but also in animal and human pathology. 

Though fatalities due to fungus diseases in man are not so common as 
those due to bacterial infections, nevertheless these mycotic diseases are 
important. This was recognized and emphasized by the leading medical 
authorities of our armed forces, in which the incidence of ‘‘athlete’s foot”’ 
assumed high proportions during the last war. At Fort Benning, for in- 
stance, fungi were reported to be present in 42 to 64 per cent of the scrapings 
from feet. The aggravation of pre-existing fungus diseases of the skin 
in tropical climates was another factor which made us mindful of the im- 
portance of medical mycology. The recent epidemic of ringworm infection 
in scalps of school children, which had its onset during the war and is still 
not declining, serves as another good example of the public-health impli- 
cations of mycoses. While the number of deep or fatal mycoses is relatively 
low (in 1942, of 1,385,187 deaths, 359 were caused by fungi in the U. S.), 
they equal more than half the deaths caused by the whole enteric group, 
tetanus, and infantile paralysis combined. 

While great progress has been made in the simplification of mycological 
nomenclature, the classification of fungi, unlike the status in bacteriology, 
has not reached a satisfactory stage. As a result, the same species of fungi 
are described de novo under various new names, adding to the confusion. 
Also, while interesting and fundamental contributions have been made in 
bacteriological and virulogical immunity, we are still uncertain as to the 
interpretation of many mycological phenomena of immunity. The kera- 
tophilic tendency and affinity for dead tissues of the dermatophytes have 
been recognized for a long time, but the mode of their enzymatic-pathogenic 
action is not yet entirely clear. It is startling to note the difference in 
immunologic response between infections caused by fungi and fungus-like 
bacteria (e.g., Mycobacterium tuberculosis and leprae) and those caused by 
bacteria which elaborate exotoxins. Despite the fact that one of the first 
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polysaccharides responsible for immunological changes was isolated from 
trichophytons and blastomycetes, the mechanisms of immunity are not yet 
clarified to the same degree as they are in many bacterial infections such as 
tetanus, diphtheria, and botulism. In the latter group, the exotoxins are 
the agents of the disease, and recovery is due to the action of antibodies. 
No similar advance has yet been made in mycology. The treatment of 
superficial mycoses with fatty acids signifies a considerable step forward, 
but, since a large number of patients resist this therapy, a search should be 
made for such metabolic and immunological changes in the affected struc- 
tures as might explain the therapeutic failures of many cases. New anti- 
biotics, but mainly better penetrating vehicles, may contribute to the solu- 
tion of this problem. 

Neither the mode of transmission of the superficial mycoses nor their 
prevention is fully understood, .whereas the prevention of plant mycoses 
has been suitably accomplished. Prophylactic vaccination, if perfected, 
would be just as desirable against fungus diseases as it is against diphtheria, 
tetanus, and smallpox. 

While little difficulty is encountered in the diagnosis of deep mycoses, 
we are still lagging behind in the cure of most of these diseases. Penicillin 
appears to be a valuable drug in the treatment of actinomycosis, just as 
the partial desensitization in blastomycoses and subsequent treatment with 
iodides are helpful. None of these, however, has eliminated the seriousness 
of the prognosis of both diseases. Lack of familiarity of the profession with 
mycoses was the source of diagnostic and survey errors in relation to tuber- 
culosis. Only in recent years has it been recognized that pulmonary cal- 
cification may be the result of infections other than tuberculosis, namely 
coccidioidomycosis and histoplasmosis. The treatment of coccidioidomy- 
cosis and torulosis is still most unsatisfactory, and both are generally fatal. 
While, in coccidioidomycosis, the epidiological importance of wild rodents has 
been accepted as a contributing factor, nothing is known of the source of 
the transmission of histoplasmosis, nor has an acceptable explanation been 
offered as to why certain apparently healthy individuals react strongly to 
histoplasmin. ‘The cross-reaction to blastomycin also awaits further clarifi- 
cation. 

These are only a few of the many biological and therapeutic complexities 
with which we are confronted and which provide an impetus and challenge 
for further investigations. I am fully convinced that we are entering a 
fertile field which will bear a rich harvest. All those concerned must recog- 
nize the progress which has been made in this country in mycological re- 
search, and it is hoped that this may lead to even greater advances. This 
monograph will have served a useful purpose if it provides a stimulus to 
new ideas in the solution of many problems. 

I wish to express my gratitude to The New York Academy of Sciences, 
and particularly to its able Executive Director, Mrs. Eunice Thomas 
Miner, for having organized this program so efficiently and for making pub- 
lication of this monograph possible. I wish also to thank all the parti- 
cipants for their kind support, which is the augury of success. 


MYCOLOGICAL RESEARCH AND THE PROGRESS OF 
MEDICINE 


y ‘By Carroll W. Dodge 


Henry Shaw School of Botany, Washington University, and Missouri Botanical Garden, 
St. Louis, Mo. 


The relation of certain fungi to human disease was early recognized, es- 
pecially in the period from 1839 to 1853 in the work of Schoenlein and of 
Gruby, culminating in Robin’s (1853) survey of fungi then associated with 
human disease. This early period was followed by a period of little activity, 
while the medical profession turned their attention to bacterial diseases. 
Activity was renewed about 1890, when Rénon (1897) thoroughly investi- 
gated aspergillosis. About the same time, Sabouraud began his work on the 
dermatophytes, which culminated in his exhaustive treatise in 1919. Ameri- 
can work began a few years later on coccidioidal granuloma and blastomy- 
cosis (1892-1910), with renewed activity after 1930. The foundation of our 
knowledge of sporotrichosis was laid by de Beurman and Gougerot (1912). 
Actinomycosis, maduromycosis, and chromomycosis were outlined between 
1890 and 1920, although much important work has been done since. Cas- 
tellani began to study the imperfect yeasts about 1905, developing his tax- 
onomy on biochemical activity. Langeron and his students placed their 
classification upon a much sounder basis of morphology in the 1920’s, 
culminating in the taxonomic works of Stelling-Dekker (1931), Lodder 
(1934), Diddens and Lodder (1942), and Dodge (1935). Grigorakis and 
Moore had carried out extensive cytological investigations in the decade 
1925-1935. 

By 1935, the principal fungi associated with human disease had been 
described. Since that time, we have largely been filling in details, rather 
neglecting the morphology and cytology of the organisms and turning our 
attention to pathology and therapeusis and to the nutrition of the fungi. 
The importance of other groups of fungi as allergens has been studied in- 
creasingly in the last quarter century. 

Research in other fields of mycology so far has had little influence on the 
medical field, but perhaps, in passing, I may mention lines of investigation, 
still in their early stages, which later may influence our thought. Baker 
(1944) has provided cytologic evidence for heterocaryosis in the imperfect 
fungi and a cytologic basis for inheritance in the absence of the usual type 
of the sexualact. The current studies of Lindegren and co-workers on the 
cytology and genetics of yeasts may give us a better idea of stable and 
variable characters for a better system of classification, while his work on 
adaptive enzymes may give a better appreciation of enzyme activity and 
help explain the anomalies which every worker encounters in the study of 
fermentation. Such studies may eventually help us to clear up the con- 
fusion created by Castellani in describing only the biochemical characters 
of so many imperfect yeasts. 

In looking forward to fields for further research, in many cases we find 
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two or more organisms isolated from different cases of a clinically similar 
disease. We need better clinical description and differentiation, correlated 
with a careful study of the organism isolated in each case, before we can 
assume that the same clinical entity is produced by several different fungi. 
A notable example of the work already done in this field is that of the clinical 
forms of South American blastomycosis, where, in the early days, two 
distinct clinical forms were treated as a single entity without a careful 
study of the organisms. When a careful correlation of clinical types and 
fungi isolated was made, each organism was found to be associated with a 
distinct clinical type. The field of therapeusis and possible development of 
antibiotics will only be mentioned, as it will be treated much more fully 
in later papers. 

We need more appreciation of the relations of vitamin nutrition and the 
activity of the endocrine systems of the host, especially in the field of derma- 
tology. Although it has been long recognized that changes in the endocrine 
system at puberty produce corresponding changes in the skin (Greenwood 
and Swartz outlined such a study to me in private conversations a quarter 
of a century ago), it was fully twenty years before research along these lines, 
entirely independently, showed changes in the oil secretion and developed 
promising new treatments with fatty acids. Such research is still in an early 
stage and we can expect important developments along these lines. 

While in Guatemala in 1941-1942, I had an opportunity to observe many 
cases of a partial achromia, mostly on the exposed portions (face, neck, and 
forearms, and sometimes also on the legs) of prepubertal males. Quite 
regularly, from the very slight scaling over the partially depigmented areas, 
I isolated Hormodendrum fontoynonti Langeron or a very Closely related 
species, reported by Fontoynont and Carougeau (1922) from a similar 
disease, hodi potsy, in Madagascar. Occasionally, I also isolated the same 
organism from scales not accompanied by the partial achromia, and I 
was inclined to consider the Hormodendrum a skin saprophyte. Shortly 
before I left Guatemala, a medical friend treated his son for an undescended 
testis. For some months, I had observed in the son a very characteristic 
case of the partial achromia. Within two weeks after the treatment, 
scaling disappeared and the pigmentation became wholly normal. After 
this observation, the father and I planned to study and treat selected cases 
in the school clinics to see whether there was a definite relation between 
the partial achromia and the gonadal hormones. Unfortunately, it was 
at the height of the submarine activity in the Caribbean, which had com- 
pletely interrupted commerce, and the War Department was utilizing the 
total freight capacity of the airlines, so there was practically no supply of 
the hormones in the country. I had to return shortly afterward and the 
matter was dropped without our arriving at any satisfactory conclusion. 

While in Guatemala, I also had the good fortune to study several cases 
of a disease closely resembling, if not identical with, tokelau, in a small 
area along the road between Lake Atitlan and Patulul. This disease had 
already been studied by Herrera Solis (1932), and a recent single case was 
reported by Figueroa and Conant (1940). Frequently, Endodermophyton 
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has been isolated from the characteristic scales of these patients. The 
scales from the patients were carefully collected in sterile petri dishes and 
blood samples were taken for Wassermann reactions, as some of Herrera 
Solis’s patients had been-Wassermann positive. All samples were Wasser- 
mann negative, ruling out any possible syphilides. Microscopic examina- 
tion of the scales showed fungus hyphae of the ringworm type. 

From twelve cases, I isolated Endodermophyion in two cases, Epider- 
mophyion in two cases, Ectotrichophyton in only four cases. In two pre- 
pubertal boys, I isolated only imperfect yeasts. Two other cases, not so 
clinically typical, yielded Ectotrichophyton. One of the Endodermo phyton 
cases also yielded a colony of an Ectotrichophyton. 

On reviewing my clinical notes, I found that all the patients, except one 
prepubertal boy, were conspicuously undernourished. Herrera Solis had 
noted the same condition in his eight cases. Normals examined in the same 
small community were well nourished, as is general in that part of Guate- 
mala. Since vitamin A seems to affect the condition of the skin more than 
the other vitamins, it seems likely that the lack of this vitamin had so altered 
the outer horny layer of the skin that the Endodermophyton and other 
skin saprophytes had been able to grow more luxuriantly than on normal 
skin and had contributed to the characteristic scaling. While I ob- 
served only one case of obvious endocrine dysfunction (an elderly woman 
with a large goiter) in these patients, it may have been a complicating 
factor, as varying degrees of thyroid dysfunction are said to be common 
in this area. 

We should also recognize the possibility in fungus infections of a sym- 
biosis of two or more organisms, perhaps complicated by endocrine dysfunc- 
tion, especially at the thyroid, as seems to be the case in seborrhea and acne. 

Another question has intrigued me for some time. Why are some organisms 
more invasive in some individuals than in others? As an example, I may 
cite two successive cases of tinea cruris observed in Guatemala. The first 
was a sailor, nervous from the submarine sinkings he had witnessed in the 
Caribbean during the previous few weeks. The lesions, which had developed 
in about a week, occupied the gluteal fold, nearly covered the buttocks, 
the perineum, the inner aspects of the thighs half way to the knees, and 
followed the pubic hair tract nearly to the umbilicus. The pruritus was 
intense and he was continually walking the floor of his room. He showed 
considerable self-control, however, as there was little excoriation and no 
secondary infection. He was a blond with very fair skin and little body 
hair. The next case was a placid Guatemalan business man. The lesion, 
which had been developing for about a month, was a typical round plaque, 
about 6 cm. in diameter, on the inner aspect of the thigh opposite the scro- 
tum. The patient did not complain of pruritus, although there was some 
excoriation. He was a brunet with a darker skin than the first patient, but 
much lighter than the average Guatemalan. The body hair was abundant 
over the trunk and thighs. Both seemed equally well nourished without 
endocrine dysfunction. Physical factors of the environment were essentially 
similar, as the Guatemalan’s business kept him in the tropical lowlands 
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most of the time. Had the nervous excitement of the sailor so altered the 
outer layer of the skin that the fungus had found conditions for invasion 
and growth more favorable? 

We need more study of the saprophytic phase in the life cycles of patho- 
genic fungi. Where does the fungus vegetate between human cases? Are 
there subclinical cases which keep the organism going between the severer, 
recognized cases? How are the organisms transmitted? These are some 
of the questions which need prompt solution. Yet, except in the case of 
the dermatophytes, we have very little information, and even with the 
dermatophytes there is much more to be learned. 

Finally, we need more monographic studies, including the saprophytic 
as well as the parasitic species in the groups concerned, embracing the 
morphology, cytology, and physiology, especially in the imperfect yeasts 
and the groups with dark-colored mycelium, such as the Dematium-Hormo- 
dendrum series. 
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PUBLIC HEALTH ASPECTS OF FUNGUS INFECTIONS 


By S. B. Salvin 


Division of Infectious Diseases, National Institutes of Health, Bethesda, Maryland 


Fungus infections in man, although less frequent than bacterial, are still 
numerically important. For example, of the 92,933 deaths due to infections 
and parasitic diseases in the United States in 1945, 284, or 0.3 per cent, were 
due to mycoses.!_ This was approximately equal to the number of deaths 
reported as caused by scarlet fever, measles, or the typhuslike diseases 
(due to rickettsia), and was more than the total of all deaths recorded from 
rabies, smallpox, relapsing fever, leprosy, brucellosis, paratyphoid fever, 
plague, cholera, and anthrax. It should be realized, of course, that effective 
control measures are employed against some of the aforementioned diseases, 
whereas control methods against the mycoses not only are not practiced, 
but, generally, are not even known. It should also be borne in mind 
that the dermatophytoses, although characteristically nonfatal, are extremely 
common, probably equaling the most widespread of the bacterial or virus 
diseases in prevalence. 

Many species of fungi have been characterized as having produced disease 
in man and the higher animals. Some, such as Blastomyces brasiliensis and 
Blastomyces dermatitidis, have been isolated only from the parasitic state. 
Others, such as Aspergillus fumigatus and Sporotrichum schencki, have been 
demonstrated as existing in nature both as pathogens and as saprophytes. 
Indeed, it is often difficult in some instances to determine whether the role 
the fungus plays within a given host involves a parasitic or saprophytic 
existence. 

The association of a potentially pathogenic fungus with man does not 
necessarily imply that parasitism exists. The frequent isolation of Candida 
albicans from the intestinal tract of cases of sprue precipitated the erroneous 
belief that that fungus was the etiologic agent for the disease. Similarly, 
the frequent association of various species of Aspergillus, Penicillium, etc., 
with pinta pointed toward these fungi as the causative organisms. Re- 
peated demonstration of the fungus in the host and its isolation therefrom, 
to be followed by the development of disease in experimentally infected 
animals and by the subsequent recovery of the causative fungus, are often 
necessary to prove the pathogenic role of an organism. 

The presence of these sometime pathogens in pus, skin lesions, or sputum 
should be weighed very carefully before they are assigned etiological signifi- 
cance. For example, Candida albicans is often isolated from sputum, es- 
pecially if the sputum is permitted to remain at room temperature for several 
hours, under which circumstance rapid multiplication of the fungus occurs. 
Thus, examination of old sputum may produce an erroneous picture of the 
true mycologic flora. Even the isolation of this species from fresh sputum 
does not warrant a diagnosis of moniliasis, for Benham and Hopkins’ found 
the fungus on 6 per cent of normal tongues, Todd? in the throat and mouth 
of 14 per cent of 1000 normal persons, and Knighton* in 24 per cent of 146 
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normal mouths. No correlation was found between the presence of C. 
albicans and dental caries or diseases of the gums. Up to date no practical 
method has been presented for evaluating properly this occasionally path- 
ogenic, but often apparently noninjurious, fungus in sputum from unidenti- 
fied pulmonary disease. 

There are four deep mycoses of public health interest which will be 
discussed here in some detail, with emphasis on their geographic distribu- 
tion, their natural habitat, their mode of transmission, and their mode of 
infection. The first is actinomycosis, the common type of which, caused 
by the anaerobic Actinomyces bovis, is world-wide in distribution and doubt- 
less is the most common of the deep mycoses. 

Actinomycosis was first described in cattle by Bolinger in 1876,° although 
the organism, named by Harz* in 1877, was not isolated in culture, studied, 
and described until 1891, by Wolff and Israel.’7 At the same time, Bostroem,* 
using aerobic methods for cultivation, isolated an aerobic species, probably 
a Streptomyces, which he erroneously described as A. bovis. This isolate 
is now generally considered a chance contaminant, but its being a type com- 
mon to soil gave rise to the popular misconception that A. bovis occurs in 
nature on grasses and that it is transmitted from such vegetation to man and 
animals. Actually, organisms of the Wolff-Israel type have not been 
isolated from outside the human or animal body, and, probably, do not 
thrive ordinarily in the outside world because of their inability to grow at 
low temperatures, their need for reduced oxygen tension, and their lack of 
spores. 

The claim that Bostroem’s organism caused actinomycosis was partly . 
responsible for the belief that actinomycosis is primarily a disease of rural 
groups, transmitted either by contact with infected animals or by traumati- 
zation with infected grasses, straws, or grains. Davis® examined 46 new 
cases with regard to this belief, and found that, in general, rural workers 
were no more susceptible to infection than urban individuals. Of the 
46 cases, only 15 were farmers, with but 3 having a history of chewing 
grasses. In addition, no definite instance has been recorded where the 
disease has been passed from animal to man, although suggestions of such 
transmission may be found. Griffith'? found club-bearing granules in beef 
tongues and other tissues. Although actinobacillosis was primarily re- 
sponsible for this condition, true actinomycetes were also present. Never- 
theless, no case of actinomycosis in man has been demonstrated as resulting 
from the ingestion of such infected food. Baracz!! and McKenty” reported 
cases of possible transmission of the disease from man to man, but the 
evidence is not very convincing. 

The early studies of Wright" and Lord": 5 demonstrated that A. bovis 
may be found in carious teeth. Lord also isolated the organism from 
tonsillar crypts of patients without actinomycosis, work later confirmed 
by Emmons’ and by Slack.” The potentially pathogenic A. bovis may 
thus occur in small numbers as part of the flora of the normal mouth, and, 
together with the lactobacilli and the oral spirochetes, make the oral and 
pharyngeal mucous membranes its natural habitat. 


Salvin: Fungus Infections 1219 


The method whereby this fungus becomes transformed into a destructive 
parasite in adjacent or remote tissues is still a matter of conjecture. Local 
trauma, although possibly contributory, is not the main causative factor, 
as indicated by the relative infrequency of the infection in man. It is 
interesting to note, however, that a history of tooth extraction or an injury 
to the mouth has been recorded in cervico-facial actinomycosis,'* and that 
instances of actinomycosis in the hand have followed punctures of the 
skin by human teeth.'**! According to Lord, imperfect drainage of a carious 
tooth, whether arising spontaneously or as the result of filling an incompletely 
sterilized tooth, may be regarded as favorable to the production of dis- 
ease about the jaws and neck, the root canal of the tooth being the channel 
of infection. 

Finally, the probable role of A. bovis in tartar formation suggests that 
such calculi may constitute a major part in the pathogenesis of actin- 
omycosis. Naeslund”** reported that the three clinical types of tartar— 
supragingival and subgingival calculus and salivary duct stones—always 
contain a stroma of Actinomyces and Leptotrichia vegetations, with typical 
actinomycotic clubs occasionally demonstrable. He isolated anaerobic 
strains repeatedly from the calculi, and succeeded in producing concretions 
im vitro with pure cultures. The theory has therefore been proposed that 
calculus is produced by the activity of Actinomyces and to some extent 
by Leptotrichia, both of which induce the precipitation of salts from the 
saliva and also serve as a matrix to attach the tartar to the tooth surface. 
Since the microorganisms stay alive at the surface of the calcification, the 
process is progressive rather than self-limited. 

This occurrence of viable Actinomyces in tartar led Colebrook”? to suggest 
that fragments of such calculus may become detached from the teeth, 
and, on becoming impacted in tissue, initiate progressive actinomycosis. 
Although there is no direct evidence for this view, it is logical, especially 
snce Slack” and Rosebury et al.?° succeeded in producing progressive actin- 
omycosis experimentally in animals with strains of A. bovis isolated from 
pyorrhea pus and gingival scrapings, respectively. 

Another one of the more frequent mycoses, and one especially interesting 
because of its occupational relationship and the peculiar diagnostic problems 
involved therein, is sporotrichosis, first recognized by Schenck” in this 
country in 1898, and shortly afterwards by De Beurmann in France.” 
It has since been reported from all the continents, although a preponderance 
of the reported cases stem from France, the United States, and South 
America. There is some indication of an endemic tendency, since five- 
sixths of the 57 cases cited by Ruediger?’ were from the Missouri Valley, 
and 130 out of the 148 cited by Foerster*® were from the Mississippi River 
basin, primarily, certain localities in the Dakotas, Nebraska, Wisconsin, 
Kansas, and Missouri. This distribution may suggest a preference of the 
fungus for certain types of vegetation and for particular climatic conditions. 

Of 18 cases described by Foerster,’ 14 were employees of a tree nursery, 
and at least 10 undoubtedly acquired the infection by traumatization with 
the thorns of the barberry shrub, primarily the Japanese barberry, Berberis 
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thunbergii. In two of these cases, barberry thorns were removed from the 
primary lesions after suppuration had started; in 6, deeply embedded bar- 
berry thorns had been removed from a few days to two weeks prior to the 
development of sporotrichotic lesions at those sites; in 2 others, the patients 
had repeatedly pricked themselves with the thorns preceding the appearance 
of the disease. St. Girons®® in France also reported several cases in which 
the barberry seemed to be the source of infection. Wakefield observed 
a series of cases in gardeners in the vicinity of Chicago, while numbers of 
florists have been reported victims of the disease. Emmons! isolated the 
fungus from sphagnum moss, which was responsible for several cases in 
florists. The fungus was also obtained from timbers of a mine in South 
Africa, and from the miners exposed to this material.” These and the 
preponderance of cases among rural inhabitants and others close to the soil 
suggest that the favorite habitats of Sporotrichum schencki are probably 
shrubs, grasses, and the like, although bushes with thorns are more apt 
to convey the disease to humans. 

Benham and Kesten* described the saprophytic growth of the fungus on 
experimentally inoculated barberry thorns and in carnation buds, and 
showed that the fungus retained its virulence for animals after a brief 
saprophytic life on plants. 

Sporotrichosis has also been reported in lower animals,™ appearing spon- 
taneously in horses and livestock in certain parts of the United States. 
However, the relative absence of the disease among the veterinarians and 
workers in the areas where equine sporotrichosis is common indicates 
the unimportance of this channel of contact. Ruediger?’ reported one 
case in which the initial lesion of the disease appeared on the site of a recent 
hen bite, and another in which the first nodule developed on the site of a 
wound from a wire in a barn containing a sporotrichotic horse. The disease 
has been described as occurring spontaneously in dogs, rats, rabbits, cats, 
and other small mammals.**~*° 

The third mycosis of interest here is coccidioidomycosis. Originally, 
this disease was believed to be limited to the Chaco region of Argentina: @ 
and to the San Joaquin Valley in California, but recent work by Phillips,“ 
Smith,’ and others‘*~*° has shown the fungus to be present throughout 
the arid Southwest, in southern California, southern Utah, Arizona, New 
Mexico, and west Texas. This mycosis has recently assumed added signif- 
icance because of the large number of soldiers who were stationed in the 
endemic area and the many tourists who pass through. Each individual 
in these groups, on developing an acute respiratory infection, becomes 
another possible case of coccidioidomycosis with its added diagnostic and 
therapeutic problems. 

The infection by Coccidioides immitis is evidently not transmitted directly 
from one individual to the next; thus, there is no reason for isolation of the 
patient. The parasitic or spherule phase of the fungus which appears in 
human sputum or pus is infectious when introduced experimentally into 
laboratory animals,*! but seemingly is of no importance in the natural direct 
transmission of the ailment. The chlamydospores from the saprophytic 


Salvin: Fungus Infections £274 


phase of the fungus are the main infectious agents. Epidemiological studies, 
the clinical picture, the pathology of disseminated infections, accidental 
laboratory infections, and experimental production of the disease in guinea 
pigs by inhalation point toward the probability of infection by inhalation 
of air-borne spores. There is a good correlation of exposures to dust storms 
and onset of symptoms, with the result that the spores were assumed to 
be present in the dust and the fungus to be thriving in the soil from which 
the dust arose. 

Little success has been evident, however, in attempts to isolate Cocci- 
dioides from the soil. The fungus was isolated first from the soil near 
a Delano, California, ranch house where there were four cases of coccidioidal 
granuloma;™ then in Panoche Valley, California, near a burrow from which 
a group had dug a rattlesnake; and, thirdly, from five (out of 150) soil 
samples collected on the desert near the village of San Carlos, Arizona.* 
Hundreds of other attempts to isolate Coccidioides from the soil of endemic 
areas have failed. 

Recent studies, however, have presented the possibility of a rodent 
reservoir of Coccidioides. Of 303 animals from an endemic area, trapped 
and examined by Emmons” for possible pathogenic fungi, 128 were infected: 
16 with Coccidioides immitis alone; 9 with both C. immitis and Haplos- 
porangium parvum; and 92 with only H. parvum. The types of animals 
found infected were the pocket mouse, Perognathus; the grasshopper mouse, 
Onychomys; the kangaroo rat, Dipodomys; and a ground squirrel, Citellus; 
with the pocket mouse (Perognathus) and the kangaroo rat (Dipodomys) 
showing the highest percentages of natural infection, namely, 15 per cent 
and 17 per cent, respectively. This second fungus, Haplosporangium parvum, 
which, in some respects, resembles Coccidioides in the parasitic phase, causes 
a somewhat similar pulmonary disease in rodents, but has not yet been recog- 
nized as an agent in human disease. 

Coccidioidomycosis in the rodents apparently was a chronic disease 
which did not seem to interfere with the normal reproduction and develop- 
ment of the animals. It was suggested that the fungus may be primarily 
a pathogen of rodents and present in soil that has been contaminated by 
infected rodents. 

The diagnosis of coccidioidomycosis in humans depends upon the demon- 
_ stration of the fungus in pus, sputum, or tissues. The coccidioidin skin tests 
and serological tests have assisted greatly, however, in adding to the knowl- 
edge of the disease. Those who have had primary coccidioidomycosis, 
even in clinically inapparent form, retain a skin sensitivity for many years. 

Aronson, Saylor, and Parr,®° in a study of calcified pulmonary nodules 
in tuberculin negative individuals, found a very high percentage of positive 
reactions to coccidioidin in people living within the endemic areas of cocci- 
dioidomycosis, and virtually no reactions in other nonresident groups. 
They concluded that some of these calcifications may be due to Coccidioides. 

C. E. Smith®* reported that the first symptoms appeared i to 21 days 
after inhalation of the chlamydospores, and sensitivity to coccidioidin in 
10 to 45 days. His survey of the San Joaquin Valley cases over a period 
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of 17 months illustrated the association between the onset of disease, field 
work by the inhabitants, and the presence of dust. 

The seasonal variation of the disease and its association with dust were 
again emphasized in studies by C. E. Smith e¢ al.” at four Army airfields 
in the San Joaquin Valley during the last war. In the fall of 1941, when 
Minter and Gardner Fields were being built, there were extensive scarred 
surfaces and much dust. That season of maximal dust provided the highest 
coccidioidal rates of the study. The following year, lawns were planted, 
roads were paved, airstrips hard-surfaced, and the incidence of coccidioidal 
infections was cut in half. When the fields were oiled in June, 1944, the 
incidence was lowest in their history. 

Finally, among the deep mycoses, we come to histoplasmosis, a disease 
originally described in Panama in 1906,**: *® but since then reported from 
the United States,®° South America,*! Java, England,® Philippine Islands,™ 
Germany,® Turkey, and several other areas.” The disease is sporadic 
in its occurrence, with no distinct indication of its having been transmitted 
from person to person, although McLeod ef al.® did report two cases that 
had had contact with one another. The fungus has been isolated in culture 
from spontaneously infected dogs,® mice, and rats,’* which animals 
therefore may be possible reservoirs of the disease. 

Although only slightly more than one hundred cases have been reported 
in which the organism, Histoplasma capsulatum, has been found, the works 
of Christie and Peterson,’** Palmer,’**° and others** have brought forth 
the suggestion that there is a mild, quite common form of histoplasmosis. 
Palmer,’® for example, after a study of 3000 student nurses, concluded 
‘“(a) that mild, probably subclinical infection with H. capsulatum (or an 
immunologically related organism) is widely prevalent in certain states 
and relatively infrequent in others; (b) that, in general, those states in 
which the frequency of reactions to histoplasmin is high are those in which 
pulmonary calcifications observed is also high; (c) that a high proportion of 
the pulmonary calcifications observed in roentgenograms of tuberculin nega- 
tive persons is due, not to tuberculosis, but probably to histoplasmosis.” 

This conclusion is drawn from the results of skin tests with histoplasmin, 
a cell-free filtrate of a broth in which H. capsulatum has grown, and from 
the reported correlation between sensitivity to histoplasmin and the occur- 
rence of pulmonary calcification. Emmons ef al.,*4 however, showed that 
histoplasmin elicited positive reactions in guinea pigs with experimental 
histoplasmosis, blastomycosis, coccidioidomycosis, haplomycosis, and moni- 
liasis. The rate of pulmonary calcification is high in east-central United 
States and seems to be caused by some disease other than tuberculosis, 
although the exact causes of nontuberculous pulmonary calcification still 
are in doubt. Proof that histoplasmosis is one of the etiologic agents of 
this condition awaits the use of a specific diagnostic procedure and the iso- 
lation of Histoplasma from the hypothecated frequent mild cases of the dis- 
ease. 

Probably one of the most troublesome public health problems of the past 
few years was ringworm of the scalp, caused by Microsporum audouini. M. 
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canis, and several species of Trichophyton. Several epidemic outbreaks of 
tinea capitis in large cities, chiefly in the eastern parts of this country, have 
been recorded, 

Montgomery, in a discussion after the paper of Lewis et al.,°° reported an 
average of 77 cases of tinea capitis per year from 1935 to 1942 at a New 
York City clinic, with 47.4 per cent caused by M. audouini. In 1943, at the 
same clinic, the total number of cases increased greatly to 572, with 86.7 
per cent caused by M. audouini. This increase in the percentage of cases 
caused by M. audowini and its appearance in epidemic proportions prob- 
ably were partly the cause of its being more contagious, more resistant to 
treatment, and better adapted for human infection than M. canis. Benedek 
and Felscher** reported 140 cases in Chicago, from 1940 to 1942, of which 
81.5 per cent were caused by M. audowini and 12.2 per cent by M. canis. 
Livingood and Pillsbury® reported 130 cases in Philadelphia in 1941, of 
which 96.2 per cent were caused by M. audouini. Miller, Lowenfish, and 
Beattie® reported 928 new cases from 1943 to 1945, of which 96.9 per cent 
were due to M. audouini. Schwartz et al.8° reported 565 out of 8,657 chil- 
dren infected in their survey at Hagerstown, Maryland, with all but 8 caused 
by M. audowimi. Carrick,*° in a survey of 3565 Detroit elementary-school 
children chosen at random, found 2.7 per cent with signs of infection as in- 
dicated by Wood’s light. On the basis of the total number of children sub- 
ject to ringworm of the scalp, he estimated that there were about 6000- 
cases of tinea capitis in the Detroit public schools. Lewis ef al.*° believed 
that these recent outbreaks resulted primarily from the decreased maternal 
care and supervision during the war, the movement of infected children 
from place to place because of reasons connected with the war effort, the 
crowding of institutions for children, and the concomitant inefficient super- 
vision. 

Among the more important steps for prevention and control are the early 
recognition and reporting of the disease. Isolation and early adequate 
treatment are necessary to prevent spread to other children and to other 
areas of the body of the same individual. Most dermatologists believe that 
infected children should be excluded from school until recovery, and, in in- 
stitutions, the infected should be separated from the healthy. Each infected 
child should be provided with a stocking cap or some similar head covering 
that can be burned after use. All contacts with infected children should be 
examined with Wood’s light, a piece of apparatus that should be available 
at the local school or health department. Educational programs should be 
pursued for parents in epidemic areas. 

Schwartz et al.,89 in their studies at Hagerstown, found 12.1 per cent of 
the boys infected and only 2.1 per cent of the girls. Apparently, the boys 
and girls had equal exposures in schools, playgrounds, homes, and movies, 
but not in the barber shops, which were attended by nearly all the boys but 
by only a few girls. Examination of the barber shops revealed generally 
poor sanitary conditions, with infected hairs found frequently in the elec- 
tric clippers. Of the infected boys, 65 per cent had the fungus present in 
the clipper area only, 31 per cent over the head, and 4 per cent on the crown 
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of the head only. In the girls, the fungus was present always in the area of 
the hair-part. : : 

According to Lee,* the results of a questionnaire to state health depart- 
ments in August, 1946, showed that ringworm of the scalp was a reportable 
disease in three states only, Illinois, Ohio, and Pennsylvania. The city 
health departments of St. Louis, Cleveland, and Philadelphia, however, re- 
quired the reporting of this infection. In Jersey City and Newark, tinea 
capitis is categorized as a public health problem, but reporting the disease 
is not required by law. 

The most common of all the fungus diseases are the dermatophytoses, 
caused by Epidermophyton floccosum and by various species of Trichophyton. 
Among these, the incidence of dermatophytosis of the foot is probably the 
highest. For example, Legge, Bonar, and Templeton® found that 51.5 per 
cent of the men admitted to the University of California during a single 
year had ‘‘athlete’s foot,” and that the percentage increased to 78.6 by the 
end of the year. Alderson and Reich® reported that dermatophytosis of 
the foot represented 24.7 per cent of the skin diseases in a student health 
service. Lomholt™ reported that the incidence by clinical diagnosis in 
school children in Copenhagen was almost 50 per cent. Of 354 men sur- 
veyed in an industrial plant,*° 36.4 per cent were found by cultural exami- 
nation to be infected. 

Many compounds and methods have been used in the attempt to control 
these skin pathogens. One of the more common ones involved the use of 1 
per cent sodium hypochlorite in foot baths, in spite of the fact that Bonar 
and Dreyer*® found the fungi in skin scales still alive after one hour’s ex- 
posure to the hypochlorite. Dermatophytes were found to flourish on old 
floors, but not on clean sound wood. The fungi were found to remain alive 
on shoe leather for months and to grow on stockings,” but were killed on 
fumigation with formaldehyde.*: ** Bonar and Dreyer®® demonstrated that 
standard power laundry techniques kill the dermatophytes, primarily be- 
cause of the high temperatures used, although standard dry-cleaning sol- 
vents and ordinary home laundering are not fungicidal. 

Finally, mention should be made of a possible role of dermatophytes, one 
not yet proven but, if true, one of great importance and interest, namely, 
the part of dermatophytes in eliciting peripheral vascular diseases. Thomp- 
son’: + stated that one-third of the admissions to the surgical dispensary 
were inflammatory disorders of the peripheral vascular system, the lesions 
of which are characterized by endothelial necrosis and inflammation, throm- 
bosis, and by painful ulcerations or gangrene of extremities. These lesions 
he considered as possibly being aroused by the inflammatory action of the 
products of some of the dermatophytes. If true, this role should increase 


still further the importance of the dermatophytes as a public health prob- 
lem. 
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EVALUATION OF CLASSIFICATION OF PATHOGENIC FUNGI 


By Morris Moore 


The Barnard Free Skin and Cancer Hospital; the Barnes Hospital; and the Department of 
Dermatology, Washington University School of Medicine, St. Louis, Missouri 


The necessity for classifying pathogenic fungi is no less urgent or im- 
portant than in the cases of plant life in general and animal life. The con- 
fusion existing in man-made attempts at the orderly arrangement in a 
phyletic scheme of pathogenic fungi, however, has made it essential, more 
than ever, that such a classification be clearly defined and established. 

To evaluate properly the classification of pathogenic fungi, it would be 
in order to set forth the criteria by which the taxonomist is necessarily gov- 
erned in arriving at a justifiable classification. Of prime importance is 
morphology. The recognition of the various forms and cell structures 
which serve to make up the organism and consequently relegate it to an 
established genus and species is a chief factor. Much depends on the in- 
terpretation of cell forms, especially in the absence of the perfect structure, 
the result of the sexual act. The size and shape of a specific cell structure, 
such as the macroconidium or fuseau, is used by some as a means of dif- 
ferentiating the genera Microsporum, Trichophyton, and Epidermophyton 
(FIGURE 1).1_ Where the perfect form is present, and this is a rarity with 
pathogenic fungi, the classification of the fungus is relatively simple. Since 
most of the pathogenic fungi are members of the Fungi Imperfecti, classi- 
fication depends on morphologic characteristics, including methods of spore 
formation, types of cell structures, location of spores, and special organs. 
As important as morphology is, however, variations may result from altera- 
tion of environmental or physical phenomena and consequently must be 
viewed and interpreted with caution. 

Gross cultural characteristics, like microscopic morphology, play an im- 
portant role in diagnostic procedure. Size, shape, color, texture, and sur- 
face markings are of value in the macroscopic determination of fungi. As 
in the case of microscopic morphology, gross cultural characteristics may 
also be altered perceptibly by external factors, which should be considered 
by the investigator. 

In a study of pathogenic fungi, with classification in view, efforts are 
directed towards a determination, if possible, of the perfect stage, the sexual 
act, and the resulting structure. To this end, the fungus is grown on a 
medium which might prove to be suitable for such a determination. Altered 
physiologic response of the fungi due to environmental factors plays impor- 
tant roles in such a procedure. 

What are some of these factors? To name a few, we have various nutri- 
tional substances, both organic and inorganic, temperature, oxygen require- 
ments, hydrogen ion concentration, moisture, liquid or solid mediums, 
various physical factors such as visible light, infra-red rays, Grenz rays, 
Roentgen rays (X rays), radium emanations, and perhaps radioactive iso- 
topes. To these must be added genetic factors such as may be observed in 
cytologic studies and in single spore cultures and which may also be altered 
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by environment. The additional use of chemical and biologic procedures 
are important diagnostic criteria. 


B 


Ficure 1. Macroconidia or fuseaux of dermatophytes. 1. Microsporum canis. 2. Trichophyton menta-° 
grophytes. 3. Epidermophyton floccosum. 4. Achorion schoenleini. 


The nutritional requirements of fungi vary considerably according to the 
type of fungus, tissue involved, degree of invasiveness, obligatory para- 
sitism, facultative parasitism, and whether the organism exists as a sapro- 
phyte within the host or on vegetation outside the host and may, consequently, 
be air-borne. A medium satisfying the needs of one fungus may have little 
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or no value for another. Much has been written concerning media and 
their constituents. The inorganic or mineral constituents of media and 
their utilization by various fungi have been well investigated chiefly for 
plant pathogens and nonpathogens. Very little has been done in this re- 
gard for human pathogenic fungi, perhaps with the exception of calcium, 
which was considered to be essential for Trichophyton interdigitale2 In 
general, the requirements of fungi for inorganic elements is comparable to 
those of higher plants. Variations in mineral constituents may alter per- 
ceptibly the fungus growth. Organic nutrient requirements, like the in- 
organic elements, play an important part in the growth essentials of patho- 
genic fungi. The value of the organic material depends upon its assimila- 
bility by the fungi. This in turn depends upon the ability of the fungi to 
produce or secrete an enzyme which will break down the compound so that 
the breakdown product can be utilized. To complete the cyclic chain, the 
production of the required enzymes probably depends upon the pathogenic 
living conditions of the fungus. The alteration of the organic constituents 
and the inability of the fungus to utilize them will effect the growth char- 
acteristics of the fungus. In addition, there are a number of so-called 
growth factors, vitamins or specific elements, which play an important part 
in the development of the sexual phase of the fungus. These factors have 
important implications in the classification of fungi. 

It is generally conceded that the better the environment for growth, the 
less the probability of the development of the perfect stage. In short, the 
richer or better the medium, the better the growth of the organism, with 
the development of vegetative mycelium with few or no reproductive struc- 
tures. Conversely, the poorer the medium, the better the opportunity for 
the production of reproductive structures and, consequently, the sexual act 
and the perfect stage. 

No attempt will be made either to describe or to list the numerous prep- 
arations in use, past or present. It would be well, however, to mention 
some of the media in common use. The closest approach to a universal 
medium is the modified Sabouraud’s agar. As originally prepared by 
Sabouraud, the milieu d’epreuve consisted of raw Chanut maltose, granu- 
lated Chassaing peptone, agar, and water. Dextrose could be substituted 
for the maltose. Sabouraud’s conservation agar omitted the carbohydrate, 
so that growth was slow, pleomorphism of the dermatophytes was greatly 
delayed, and color changes, so important with these organisms, were prac- 
tically lost in culture. The milieu depreuve, or test agar, was used exclu- 
sively by Sabouraud to produce the giant colonies which served as a basis 
for identification of the dermatophytes. Unfortunately, this medium con- 
tained ingredients which were chemically impure, unstable, and often of 
such varying composition that giant colonies varied in size, luxuriance of 
growth, surface markings, and color, from batch to batch. The chief criti- 
cisms of this medium have been its instability and the fact that it was 
almost impossible to develop the giant colonies which Sabouraud illustrated 
in his “Les Teignes” and which others have used as a basis for comparison 
in the identification of species. Attempts by investigators in numerous 


1232 Annals New York Academy of Sciences 


countries to produce a medium which would duplicate the cultures on 
Sabouraud’s agar resulted in a large number of preparations which failed 
to attain the objective. The use of honey, as advocated by Sabouraud, 
likewise introduced a variable form of nutriment with its source of error. 
In this country, the Pennsylvania medium has been advocated, but the use 
of crude glucose, although giving good results, again introduces a possible 
source of error. 

In the United States, there is in widespread use a medium also called 
Sabouraud’s agar but which actually may be considered as a completely 
new substratum. It is made up of peptone, carbohydrate (glucose or mal- 
tose, preferably glucose), agar-agar, and water. The ingredients are essen- 
tially similar to those of Sabouraud’s medium, but in name only, since the 
American formula consists of standardized, purified products made by the 
Digestive Ferments Company under the name of Difco. Some laboratories 
prefer the Pfanstiehl sugars, which are of a better grade. The Difco or 
Bacto-peptone may be criticized on the ground that it is too near neutral 
and does not aid in developing the giant colonies illustrated in Sabouraud’s 
“Les Teignes.’’ It has also been condemned by Linder* on the ground that 
‘“‘Peptone or peptone and sugar in agar, as used in the past, are not only 
unbalanced and do not furnish all the elements necessary for the normal 
growth of the fungi, but, when these substances are supplied, they are in 
too great concentration.”” Weidman‘ may, perhaps justifiably, find fault 
with the fact that Fairchild’s peptone and crude glucose are not used. 

On the other hand, I have used this modified Sabouraud’s agar for some- 
what over fifteen years and find that, when used with Difco products in the 
usual concentration, it is a medium which serves for both rapid isolation 
and identification of the fungi commonly encountered both in the clinic and 
in referred patients. To be sure, this medium does not satisfy the needs of 
all the fungi. Furthermore, it does not bring out all the characteristics de- 
sirable and still requires the use of additional media for further study of 
some fungi. As an all-round medium, however, it serves the purpose well. 
Tam fully aware, too, of some of its other limitations, but, then, to be able 
to do medical mycological examinations, one needs to have some knowledge 
of the clinical features of the lesion to be cultured and to use such additional 
special media as are required. To deal with a pure, standardized 
medium means that one must set up special criteria for the recognition of 
the fungi on this medium. The universal adoption of such a medium, 
whether it be this medium or any other substratum satisfying the general 
needs of pathogenic fungi, would eliminate much of the dissension among 
the mycologists who base their identification and classification on a single 
medium. 

Without going into further and greater detail on the very important sub- 
ject of media, I would like to point out again that the ingredients of a 
medium determine, in part, the type of growth that will develop. Sub- 
strata rich in nutritive value are, as a rule, to be avoided, since for the most 
part they develop vegetative mycelia without sexual structures. Poor 
media, on the other hand, are in use to try to induce free sporulation and 
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the formation of the sexual aspects of the fungus. In most common use 
are the gypsum blocks, various vegetable plugs, and Gorodkova’s agar. 
On the basis of studies made of Clenomyces serratus growing naturally on 
feathers, it has been suggested that the dermatophytes are related to, or 
probably members of, the Gymnoascaceae of the Plectascales. Because of 
the similarity of certain structures of this organism, such as spirals and 
aleurospores, to those seen in the dermatophytes, it has been proposed that 
these fungi be grown on keratinized substances such as horn, nail, hair, skin, 
or feathers in order to bring out the relationship. A single microconidium 
of Microsporum gypseum (M. fuloum), when grown on horn by Emmons,°® 
developed six variants. This unusual condition, unfortunately, could not 
be attributed with certainty either to the peculiar substratum or to the age 
of the cultures (four months). 

There is evidence that temperature is of definite value in both growth 
and development of fungi and in the production of sexual characteristics. 
In general, it has been shown that somewhat lower temperatures are re- 
quired for the formation of sexual organs than are necessary for vegetative 
mycelia. Most of the work has been done on nonhuman pathogens, but, 
for all intents and purposes, it may be assumed that the same applies to 
human pathogenic fungi. The growth at incubator temperature simulates 
the vegetative phase of the parasitic state in the human host and, as such, 
has little value for botanical classification. Consequently, growth at room 
temperature, approximately 22° C., is much more to be desired, although 
that may not be the optimum temperature for the specific organism. 

Oxygen requirements vary with different fungi. The process of respira- 
tion is essentially the same for plants as for animals, but certain fungi, like 
bacteria, are able to develop in the partial or complete absence of oxygen. 
The subject of aerobic and anaerobic, or microaerophilic, growth will not 
be considered except to point out that when the supply of oxygen is limited, 
as is the case with tight plugs or plugs dipped in paraffin or screw caps for 
transportation, the growth of the fungus is greatly diminished or stopped. 
Under such conditions of lowered oxygen tension, sexual reproductive proc- 
esses may be inhibited. On the other hand, the organism Actinomyces 
israeli (A. bovis) will grow only in a microaerophilic state. This, of course, 
brings up the question as to whether one should classify a fungus purely on 
its oxygen requirements, such as Actinomyces or Nocardia, Nocardia being 
an aerobic form. It is my feeling that, unless the organisms show sufficient 
morphological or other variations, they should not be classified in separate 
genera purely on the basis of oxygen requirements. The value of partial 
anaerobiosis has been well demonstrated in the case of Coccidioides immitis, 
where the development of endosporulation in vilro takes place only under 
partial anaerobic conditions.*® 

Hydrogen ion concentration (pH) likewise may play a role in classifica- 
tion. For general purposes, the hydrogen ion concentration in cultural 
work may be disregarded, since the range of growth of the fungus is fairly 
wide. For critical work, however, the pH of the medium may have an im- 
portant bearing. Talice’ studied a number of pathogenic fungi grown on 
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three different media with varying hydrogen ion concentrations, and in- 
dicated the pH at which minimum, optimum, and maximum growth took 
place. He noted frequently gross variations in the form and color of the 
colonies, especially in the highly tinted species and, oftentimes, variations 
in the microscopic characters of the fungi. Microscopically, he noted a 
predominance of one form of vegetation according to the pH value. 

Moisture is usually a requisite in mycological investigation and classifi- 
cation. Most organisms, especially yeasts and yeastlike forms, require 
moisture both for growth and for the germination of spores. Liquid media 
are used for both the study of spore germination and the production of cer- 
tain chemicals and vitamins which may be elaborated in a medium as a re- 
sult of the growth processes of special fungi. Since, among the Fungi Im- 
perfecti, classification depends to some extent on the sporulation of the 
fungus, moisture is of great importance. At the present time, we employ 
both liquid and solid media. The solid substrata used today, however, are 
chiefly of the nature of colloidal gels, with the exception of specialized solid 
media. These colloidal gels require moisture and as such serve the purpose, 
except that germination of spores or free spore formation is usually much 
slower unless stimulated by temperature changes. Such media often pro- 
duce an abundance of vegetative mycelia but are of less value for the for- 
mation of reproductive or sexual organs. Occasionally, too, various spores 
require alternate wetting and drying for maximum germination. Although 
wet media are the rule in mycology, very often old, dried-out cultures de- 
velop specialized structures, such as sclerotia, which may help considerably 
in arriving at a classification of the fungus. 

Various physical factors have been employed in mycology, but chiefly 
to determine their lethal effect on fungi. These include visible light, infra- 
red rays, ultraviolet rays, Grenz or infraroentgen rays, Roentgen rays (X 
rays), and radium emanations. Visible light has been shown to have a 
definite morphogenic influence on certain fungi, as well as to stimulate the 
development of reproductive structures. Pathogenic fungi, in general, are 
very little affected by visible light. Most of the work done on fungi has 
been with the rays of shorter wave lengths. Smith,’ in 1936, induced 
variants in fungi experimentally by using suitable exposures of ultraviolet 
radiations. Hollaender and Emmons® (also Emmons and Hollaender”), 
working with the effect of measured amounts of monochromatic ultraviolet 
radiation on spores of the dermatophyte Trichophyton mentagrophytes, found 
that wave lengths of 2280 to 2950 Angstroms affected these spores. The 
lethal effect and the secondary mutant formation occurred with wave lengths 
of 2537 and 3650 Angstroms, with a maximum of 100 X 10~ ergs per spore. 
(With measured amounts and increased time of exposure, the amount of 
mutations decreased.) The effect of the sublethal radiation manifested itself 
by the production of small, slow-growing colonies. The spores that sur- 
vived the lethal dose produced colonies which resulted in the mutants. These 
mutants differed from normal controls in their size, form, rate of growth, 
spore production, and color. Unfortunately, genetic studies could not be 
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made because of the lack of the perfect stage, the sexual organs. Spores of 
old cultures, however, were able to produce similar mutants. 

Muskatblit and Ouspensky,!! using Grenz rays on hairs affected with 
Microsporum audouini, M. canis, Trichophyton crateriforme, T. violaceum, 
and A chorion (Trichophyton) schoenleinii, found doses up to 50,000 roentgens 
ineffective on the gross or microscopic morphology of these fungi. Fungi 
exposed to Roentgen or X rays showed changes. Some of the colonies de- 
veloped color changes, slow rate of growth, and small amount of mycelial 
development with colony sectoring. Many of the fungi were considered to 
be saltants, since the effects of the radiation wore off in subsequent sub- 
cultures. Others, however, persisted as mutants. Sartory, Sartory, and 
Meyer” exposed Aspergillus fumigatus to 3-7.2 millicuries of radium emana- 
tions and were able to induce morphologic changes in the organism. Large- 
celled oidia, thick-walled spores, and large pseudosporangia were produced 
on media that were practically salt free. When cultures were exposed to 
higher doses, hard, fusiform sclerotia containing perithecia were found in 
the subsurface mycelium. It is evident that physical factors may induce 
morphologic and, perhaps, genetic changes in fungi in sufficient amount to 
have an effect on the classification of these organisms. No doubt additional 
work will be done with these agents, to which may be added the recently 
developed radioactive isotopes, which, at present, are an unknown quantity 
in many fields of biologic endeavor. 

One branch of biology that has been sadly neglected in medical mycologic 
classification and in its general application to pathogenic fungi is cytology 
and its genetic implications. This may be attributed chiefly to the consid- 
eration that most pathogenic fungi belong to the Fungi Imperfecti, and 
genetic studies cannot be made because of the lack of suitable material, such 
as the ascospores of Neurospora which have been so fruitful for so many 
investigators. In spite of the apparent lack of sexual forms in most patho- 
genic fungi, however, much can still be accomplished in determining generic 
or even species relationships and thus helping to arrive at a logical classifi- 
cation. Monospore cultures such as were made by Emmons for Micro- 
sporum gypseum (M. fulvwm) are a step in this direction. Certainly the 
cultivation of single spores of all types may bring interesting and worth- 
while results into the present disturbed system of classification. 

Of great significance, too, are the cytological investigations of pathogenic 
fungi. This phase has been passed over too lightly by mycologists. This 
has been so, perhaps, because of the technical procedure that Is involved in 
making such a study. In the Fungi Imperfecti, cytological investigations 
would amply repay the worker with the vast amount of information that 
could be obtained. In the absence of essential criteria, which make classi- 
fication difficult, the cytological data should be of great benefit. If we were 
to consider pathogenic fungi in general and the Imperfecti in particular to 
be degenerate forms of the sexually perfect groups of fungi, then it is quite 
possible that light would be shed on the reproductive organs or processes 
by investigating the various cellular forms of the fungi under varying con- 
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ditions of growth. Cytological investigations should be highly recom- 
mended to the young enthusiasts of mycology. 

In addition, there are other procedures which are essential if pathogenic 
fungi are to be classified properly. These include various biochemical 
studies such as fermentation, especially useful in the case of yeastlike organ- 
isms, assimilation of carbon and of nitrogen, gelatin liquefaction, hydrolysis 
of starch, indol production, and others, some of which may or may not have 
practical value. In addition, biological and serobiological reactions have 
also been applied in mycological classification, and these include agglutina- 
tion determinations, immunological reactions, and others. 

What has been presented so far may be summarized briefly as represent- 
ing the tools of the mycologist for the determination and classification of 
pathogenic fungi. How wisely these tools are used and how well the re- 
sults are interpreted will determine the accuracy of the diagnosis and clas- 
sification. 

To keep the botanist from straying too far from a logical and sane system 
of classification, a binomial nomenclature has become established and is 
being maintained by the taxonomists, who are guided by a set of Inter- 
national Rules of Botanical Nomenclature. These have been reprinted by 
Dodge with examples pertaining to pathogenic fungi. Many pleas have 
already been made for strict adherence to and complete adoption of these 
rules. Needless to say, those of us who are familiar with these rules seek 
to do all we can to respect them. Inadvertently, however, most of us have 
at one time or another been guilty of either neglect, forgetfulness, or uncon- 
cern. Much of the confusion existing in our present system of classification 
has arisen from the simple fact that these rules have been disregarded and 
personal interpretations have been substituted. These rules are as perti- 
nent to pathogenic fungi as they are to nonpathogens. The importance of 
adhering to the use of the Latin diagnosis in the description of new genera 
or species has already been stressed. The omission of the Latin diagnosis 
for newly described fungi makes the new name invalid. While this is im- 
portant from the standpoint of taxonomists, there are other rules of great 
significance which have been disregarded. 

The avoidance and violation of the principle of priority has been respon- 
sible for a share of the chaos in the classification of pathogenic fungi. This 
rule refers to the maintaining of the oldest and first binomial given to a 
group or species. Unfortunately, this infraction could be excused on the 
ground that it was unintentional or that the early descriptions were brief, 
incomplete, and poorly illustrated, or that they appeared in a journal which 
was not readily accessible. Since, in many instances, the original publica- 
tions are not seen, the investigators depend upon the quotations present in 
the papers of others. Interpretations based on such descriptions varied 
according to the group studying them, and, as a consequence, there have 
arisen groups or schools who follow the interpretations or concepts of certain 
leaders. Asa result of such conceptions or misconceptions, it is not unusual 
to find that the name applied to the organism by the original worker may 
be used by present workers to refer to an entirely different fungus. I be- 
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lieve the term gypsewm is one which has been responsible for this type of 
confusion. An outstanding example of the misuse of terms is that con- 
cerned with the agent or agents of moniliasis. The term Monilia, which 
has been applied to the organism of moniliasis and which is falling into dis- 
repute, was adopted as the cause of this disease (FrGURE 2). The present- 
day description of this genus and its usage as related to pathogenic fungi is 
totally different from the original concept. The creation of the genus 
Syringospora by Quinquaud in 1868, based on the Oidium albicans of Robin, 
is undoubtedly the first valid and legal name for the organism of moniliasis 
and as such should replace the various genera being used for the organism 
in question. As a result of the misinterpretation of the older legalized 
terminology, there developed a type of sentimentality in classification with 


ee 


Ficure 2. Syringospora albicans grown on corn-meal agar. Note large, characteristic chlamydospores. 


each group of workers adhering to the ideas and ideals of the exponents of 
these groups. Consequently, we find that many adhere to the genus Can- 
dida of Berkhout, published in 1923, which in its present-day usage refers 
to Syringospora Quinquaud, and in that sense is invalid. In fact, the whole 
group of yeastlike organisms is badly in need of monographic studies. Sev- 
eral fine papers have already been published with regard to the species of 
Syringospora, but these have been referred to the genera M ycotorula, Can- 
dida, or Monilia.* Many of the species have been either reduced to syn- 
onomy or eliminated, but there are still other species and genera which need 
classification through monographic study. 
Another outcome of the incomplete descriptions or poor illustrations of 
the earlier workers has been the development of two widely separated 
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groups, the ‘lumpers” and the “splitters.” The lumpers tend to decrease 
the number of genera and species to a few, whereas the splitters favor the 
creation of new genera and species based on the interpretation of new or 
different characters. Simplification of classification is, of course, highly 
commendable and it makes the remembering of names fairly easy, especially 
for the none too botanically-minded medical men. On the other hand, we 
must avoid oversimplification, for, in the end, this will defeat the purpose 
of taxonomy. ‘The splitters may be criticized for the creation of too many 
genera and species, although some may be justifiable. A compromise group 
is the ideal, and this should be the goal of the taxonomists. 

A recent example of this is illustrated by the organisms causing chromo- 
mycosis or chromoblastomycosis. On the basis of the various characters 
produced in culture, the fungi were provisionally separated into several 
genera, Phialoconidiophora, Phialophora, Hormodendroides, Botrytoides, 
and Hormodendrum, and placed in the order Phialophorae at a time when 
there was a state of confusion existing in the classification of these patho- 
gens (FIGURE 3).!° Because of the various morphological characteristics in 
culture, the fungi had been variously classified as Acrotheca, Gomphinaria, 
Trichosporium, Hormodendrum, and then Fonsecaea. In contrast, one of 
the recent publications would place all the organisms with their assorted 
characteristics in the one genus, Phialophora, on the basis of finding the 
cupuliform spore bearers in all the strains.1® I believe that this group of 
fungi needs further study for final disposition. 

In some instances, the choice of a name has led to the discarding of the 
valid one in favor of one which was more descriptive, according to the likes 
of the investigator. What we call a fungus is not so important as knowing 
what that fungus does and where in the classification it belongs. Even if 
we are not in favor of the name given these microorganisms, let us strive 
to attain at least some semblance of order by retaining the legitimate name 
given by the investigator. In this regard, the rules state clearly that “a 
name or epithet must not be rejected, changed, or modified merely because 
it is badly chosen, or disagreeable, or because another is preferable or better 
known.” There have been numerous instances of this violation in the clas- 
sification of pathogenic fungi. 

The rule stating that only one name may be given to an organism regard- 
less of how many pleomorphic forms or life cycles it may have does much 
to alleviate the situation concerning the dermatophytes and other fungi 
with a variable life cycle. It would seem, therefore, that at best the clas- 
sification of most pathogenic fungi is probably tentative, subject to the 
eventual finding of the perfect stage. At that time, all previous names, no 
matter how well established or contested, will have to be discarded in favor 
of the binomial or at least generic classification with which the perfect 
stage is associated. An example of this may be cited in the case of Mono- 
sporium apiospermum, the perfect stage of which is reputedly Allescheria 
boydit.!" 

The present system of classification is based on the work of Saccardo, as 
shown in his “Sylloge Fungorum.” An attempt was made to bring to- 


Moore: Evaluation of Pathogenic Fungi 1239 


gether, in orderly fashion, organisms of like morphology or with essentially 
similar characters, based on a probable phylogenetic sequence dependent 
upon the ontogeny of the related fungi. In this method of classification 
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Ficure 3. Organisms of chromomycosis. 1. Phialophora verrucosa. 2. Hormodendrum sp. 3, Hormoden- 
droides pedresoi. 4, Phialoconidiophora guggenheimia. 5. Botrytoides monophora. 


then, an attempt is made to follow a natural system of evolution, with the 
most complex form of life being the latest and the simplest form being the 
oldest. The division of the fungi into classes, orders, families, genera, and 
species is essentially an indication of relationship based on the evolutionary 
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processes. Although the tendency is to consider it as following natural 
lines, much of it may be considered to be artificial until more concrete evi- 
dence is presented. Most pathogenic fungi do not present a significant 
amount of evidence on which to base a phyletic sequence, except as relates 
to individual groups. Thus, before we can assume a definite system of 
classification, such as exists with other fungi, we must diligently apply our- 
selves to the investigation of these fungi. Since the present classification 
of fungi is man-made, we should not expect it to be perfect; and there are 
those who may accordingly disagree with the form and substance of such a 
classification. Any attempt to alter the system for the better should, 
therefore, be given careful and encouraging consideration. 

Pathogenic fungi for the most part have been isolated, studied, and clas- 
sified by medical men who patterned their classification chiefly along clinical 
lines. The particular fungus was related to the clinical features of the dis- 
ease, both macro- and microscopically. The monumental work of Sabou- 
raud and of the earlier workers, who helped lay the cornerstone for the 
classification of the dermatophytes and of medical mycology in general, 
followed very much along natural lines (FIGURE 4). The value of their work 
undoubtedly is great, so great that, from a clinical standpoint and from the 
point of view of the dermatologist, it has not been surpassed and is still in 
use. This, of course, brings up the question of whether the classification of 
pathogenic fungi should be made to fit the needs of the medical man or of 
the pure mycologist. It is desirable to have a classification which would 
facilitate diagnosis and, from an economic and practical viewpoint, help 
both the medical man and the patient. The difficulty with such a classi- 
fication, however, lies in the fact that the diversity of lesions that a fungus 
may produce may be so great as to be confusing. Consequently, it is felt 
by many that a botanical classification developed along natural lines may 
be the only possible solution to this problem. Accordingly, Dodge, basing 
his work on the morphology of the fungus in both the lesion and in culture 
mediums, developed a compromise classification. On the other hand, Em- 
mons, adhering to the morphologic characters of the fungus in culture alone, 
classified the fungi purely on a mycologic basis, with the result that the 
natural lines of both the clinical and mycologic classifications show crossing 
at some points. In spite of the confusion that exists as a result of such 
classification, I feel that such difficulties will be ironed out in due course. 

It is generally conceded that a botanical classification, based on the char- 
acters of the fungi (cultural, biologic, and microscopic), is the logical and 
scientific method for differentiating these organisms. In their pathogenic 
state, however, fungi present certain criteria which help to place them in 
certain groups. To this end, we should consider the arbitrary clinical clas- 
sification of mycoses and their causative agents, based on anatomic distri- 
bution and also on their ability to invade tissue. Briefly, mycoses may be 
considered clinically as belonging to one of several groups: (1) superficial 
mycoses affecting only the stratum corneum of the skin or the hair, never 
becoming invasive or systemic; (2) dermatomycoses involving and invad- 
ing the superficial and deep layers of the skin and also the hair and nails 
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Microsporum Audouini!. 
M. umbonatum, 

M. tardum. 

(M. velveticum. 


{Microsporum lanosum. 
M. felineum. 

M. equinum. 

\M. fulvum. 

M. villosum. 

M. pubescens. 

M. tomentosum. 


Trichophyton crateriforme. 
4 Tr. acuminatum. 
Tr. violaceum. 


Tr. effractum 

Tr. fumatum?. 

Tr. umbilicatum. 
Tr. regulare. 

Tr. sz! fureum 

Tr. polygonium. 
Tr. exsiccatum. 
Tr. circonvolutum. 
Tr. pilosum. 

Tr. glabrum. 


Trichophyton cerebriforme. 
Tr. plicatile. 


Trichophyton asteroides. 
Tr. radiolatum. 
Tr. lacticolor. 


|) Tr. granulosum. 


Tr. farinulentum. 
Tr. persicolor. 


{Trichyphyton radians. 
Tr. denticulatum. 


(Tr. rosaceum. 
Tr. vinosum. 
Tr. equinum. 
Trichophyton caninum. 


Trichophyton ochraceum. 


.4Tr. album. 


Tr. discoides. 
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(A. Quinckeanum. 
A. gallinae. 

A. gypseum. 
|Oospora canina. 


(1) Les espéces les plus importantes ont leur nom en italique. 


(2) A cété du Trichophyton fumatum, et, en tout cas, parmi les Trichophytons endo- 
s, isolées a Venise, dans le service 
Trichophyton inflatum a culture 
cerebriforme, poudreuse et craquelée, présente en son centre une boursouflure blanchatre, 
Trichophyton spongoides, présente 
une boursouflure centrale analogue mais de couleur bistre, neutre, non poudreuse et sem- 


thrix il faudra bientét faire place 4 deux nouvelles espece 
de M. le Prof. Fiocco, par le D™ Minassian. L’une: 


difforme, caractéristique sur milieu d’épreuve. L/’autre: 


blable a une éponge brune déposée sur une aréole poudreuse, craquelée. 
Ficure 4. Sabouraud’s classification of the dermatophytes. (Reproduced from Les Teignes, p. 281. 


Masson et Cie. Paris). 
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(there is no evidence of systemic involvement); and (3) mycoses usually pri- 
marily involving the skin or mucous membranes or both, systemic invasion 
being either primary or secondary and systemic infections, chiefly primary, 
with occasional or rare secondary cutaneous involvement. 

Fungi producing disease in the first group are, fortunately, few in num- 
ber and present well-established forms which make them easily recogniz- 
able. Although there is some disagreement as to the naming of these fungi, 
it is only a matter of time and careful study of these organisms before defi- 
nite taxonomic differentiation will be made. In the second group, the 
dermatophytes, careful study of the fungi in the parasitic state will reveal 
sufficient differences in morphology to allow for allocation at least to genera. 
In many instances, however, because of age and various environmental 
factors, the physiology of the fungi has become so altered that morphologic 
characteristics merge one group into another. In these instances, cultiva- 
tion on artificial media becomes a matter of necessity not only for genus but 
also for species determination. Although the dermatophytes have received 
perhaps the greatest amount of attention, there are still several points that 
need elucidation. Here, a good knowledge of the clinical aspects of the 
disease plus a background of general mycology, as well as medical mycology, 
is of tremendous importance in classification. 

Organisms producing disease of the internal organs or a combination of 
cutaneous, mucous membrane and systemic lesions are, in general, recog- 
nized with relative ease. There are, however, several criteria which play 
an important part and may easily confuse the not too well trained. Fungi 
seen in tissue, blood, pus, or cerebrospinal fluid, at body temperature, de- 
velop morphologic structures which remain fairly constant in the parasitized 
host. The organisms in this state present the parasitic phase of the life 
cycle. As such, they may be classified as to groups and type of disease, but 
give no structures which can be classified botanically. Whole blood, serum, 
and tissue extracts are utilized in artificial media and maintained at body 
temperature in the incubator to continue this phase of the fungus life cycle. 
Although this serves the purpose described, the specific classification of the 
organism cannot be accomplished by this means. A frequent error in the 
classification of fungi in the parasitic state is in referring to all budding 
organisms as “‘blastomycetes.” The term “blastomycete”’ brings to mind 
the misnamed organism of blastomycosis, Blastomyces dermatitidis. It is 
readily understandable, therefore, that such means of classification are not 
only misleading but also confusing. Several fungi show budding forms in 
the parasitic phase such as Syringospora (Monilia, Candida), Cryptococcus, 
Histoplasma (which may have both small and large forms), S$ porotrichum, 
and Paracoccidioides in addition to the fungus of Gilchrist’s disease (F1G- 
URE 5). Obviously, such confusion can be dispersed by growing the organ- 
ism on a suitable medium which will bring out specific characteristics. 
More significant, however, would be to discard the term ““Blastomyces,”’ 
which rapidly is assuming the role of a nomen ambiguum. 

Much progress has been made in the classification of pathogenic fungi. 
Much more will have to be done to develop a readily understandable, work- 
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able, and biologic system for these organisms. For the botanically-minded 
mycologist, the pure mycological classification is the only solution, and for 
the medically-minded mycologist a system involving clinical aspects would 


FicureE 5. Budding, yeastlike pathogenic fungi in tissue. 1. Zymonema dermatilidis in the adrenal. 2. 
Syringospora albicans in nail scraping. 3. Paracoccidioides brasiliensis in lymph node. 4. Histoplasma cap- 
sulatum in the prostate. 5. Cryptococcus neoformans in the brain. 6. Sporotrichum schencki, experimental 
inoculation in the mouse testis. 


help considerably to facilitate clinical diagnosis in a language readily under- 
standable by the clinician. To help alleviate the confusion existing in the 
botanical classification, the adherence to a set of guiding rules such as pro- 
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posed by the Committee on International Rules of Botanical Nomenclature 
is essential for uniformity of classification throughout the civilized world. 
I feel that an international subcommittee devoting itself to pathogenic fungi 
exclusively and to which new organisms with their new designations could 
be submitted for final disposition would eliminate future confusion. At the 
same time, I feel that some provision should be made for a clinical classi- 
fication which would benefit the medical man and yet not hamper the 
botanical classification of pathogenic fungi. This perhaps is a big order, 
but I firmly believe that the one may complement the other and yet each 
be valuable individually. 

From the foregoing discussion one may reasonably conclude that the 
status of the classification of pathogenic fungi is as yet unstable and is replete 
with confusion and chaos. To be sure, we have not attained the perfection 
in classification that is to be desired, but the future is not dark. As long 
as we have workers interested in the classification of pathogenic fungi, and 
trained mycologists who are willing to adopt the dynamic methods of clas- 
sification, then confusion will be dispelled and order will reign. Medical 
mycology is still a young science, and where there is youth there is hope. 
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FUTURE DEVELOPMENTS IN MYCOLOGICAL INVESTIGATIVE 
METHODS 


“By Norman F. Conant 
Department of Bacteriology, Duke Universit y School of Medicine, Durham, North Carolina 


Although a fungus was the first recognized infectious agent of man and 
animal, relatively little is known about fungus diseases in comparison with 
the accumulated knowledge concerning the epidemiology, immunology, im- 
munochemistry, and specific therapy of bacterial and virus infections. The 
lack of such information about fungus infections has been the result of 
methods of study which stressed the clinical aspects of the diseases and the 
taxonomy of the fungi almost to the exclusion of fundamental studies of 
the infectious agents and the disease processes which they caused. At the 
present time, however, there are few disagreements concerning the patho- 
genicity and the taxonomy of those fungi which produce superficial or sys- 
temic mycoses. The dermatophytes are no longer represented by a vast, 
complicated, and confused group of organisms. Rather, they have been 
reduced to a small number of easily recognized and identified fungi. The 
systemic fungi, likewise, have evolved through a period of recognition, clas- 
sification, and confusion, and now are also known to be represented by a 
small number of easily recognized and identified fungi. It is hoped, there- 
fore, that investigative methods may now be directed more fully towards 
gaining a better understanding of the physiological, chemical, immuno- 
logical, and epidemiological aspects of the human pathogenic fungi and the 
diseases they produce. 

A trend toward the use of such mycological investigative methods has 
already been forecast by recent studies which have made use of these tools. 
For example, growth requirements of the fungi are no longer studied by 
changing brands of peptone and types of sugar in the media. Robbins and 
Ma (1942, 1944, 1945) have investigated the nutritional requirements of 
Trichophyton discoides, Rhodotorula sp., and Trichophyton mentagrophytes by 
their behavior on a synthetic basal agar medium or synthetic basal solution 
to which various vitamins and other growth-promoting substances could be 
added. Hazen (1947) has reported preliminary nutritional studies on Micro- 
sporum audouim and has shown that growth factors present in yeast extract 
stimulate conidial production and colony formation. A further study of 
the exact requirements for a better growth of M. audouini is to be reported 
later. Since microscopic morphology and gross cultural characteristics are 
used to identify the pathogenic fungi, the stabilization of such characters 
by growth on a synthetic medium, to which can be added known substances, 
would allow duplication and a more stable taxonomy. ‘The value of a 
method of study that would lead to such a stabilization is, or course, readily 
apparent. ; ; 

Physiological investigations of the human pathogenic fungi also have 
made use of methods that provide basic quantitative information concern- 
ing the activity of the organisms. Bernheim (1942), Nickerson (1946), and 
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Nickerson and Chadwick (1946) have indicated the value of respiration 
studies (oxygen consumption) as a method of measuring the quantitative 
effect of toxic substances on living, pathogenic fungi. Investigations of 
this type might also indicate the enzyme system or systems involved in the 
oxidation of various substances when drugs are added to the preparations 
and oxidation is hindered. This type of information, obtained by such 
studies, could lead to definite points of attack against the pathogenic fungi, 
since it not only gives quantitative data about the toxicity of drugs but also 
indicates their mode of action. 

Chemical investigations of the human pathogenic fungi are needed to 
yield valuable information concerning the metabolic products which they 
produce and to which allergy or immunity is established in the infected 
human or animal. Trichophytin, coccidioidin, blastomycin, and, lately, 
histoplasmin, are sterile filtrates of a liquid medium in which the respective 
fungi have been grown for long periods of time. Such materials, when in- 
jected intradermally, give delayed tuberculinlike reactions which denote 
present or past infection by the homologous fungi. 

Purified products of some of these materials have been obtained and 
comparable studies with the “crude” filtrates have been made. ‘‘Crude” 
trichophytin and its purified products have been used in studies relating to 
infection, immunity, and sensitization caused by the dermatophytes. Re- 
views and personal investigations contained in reports by Sulzberger (1932), 
Jadassohn, Schaaf, and Wohler (1937), DeLamater and Benham (1938), 
and DeLamater (1941) have shown that infection by this group of fungi 
causes sensitization that can be demonstrated by skin tests, and that these 
fungi contain common or group antigens. Infection by one member of the 
group, therefore, may cause sensitization that can be demonstrated by a 
skin test, not only to the homologous extract but also to an extract of other 
dermatophytes. Extracts of fungi not belonging to this group were found 
not to cross-react. 

There have been recent reports, however, which indicate that some of 
the dermatophytes produce antigens or reagins which sensitize the skin to 
products produced by markedly different fungi. For example, penicillin 
allergy in patients who have never received penicillin is thought to be 
established by previous infection of the skin by species of dermatophytes. 
Peck and Hewitt (1945) showed that some dermatophytes produce a peni- 
cillinlike substance, and Cormia and Lewis (1946) showed a correlation be- 
tween penicillin sensitivity and sensitivity to superficial fungus infections. 
Peck and Siegal (1947) attribute penicillin sensitivity to an infection of the 
skin by dermatophytes which produce the penicillinlike substance which, in 
turn, creates the sensitivity that is elicited when penicillin is used thera- 
peutically. These later studies show, therefore, that widely different fungi 
do contain common antigenic substances that may prepare patients for 
later allergic manifestations. These facts have great clinical significance, 
and more should be known about the types of products produced by the 
dermatophytes, since these fungi cause widespread infection in the popula- 
tion. 
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Although the sensitizing antigens contained in trichophytin have been 
studied extensively, not much is known about the same types of materials 
that may be present in extracts of fungi which cause systemic infections. 
Coccidioides immitis is known to produce a substance or substances in broth 
cultures which cause a specific reaction in patients and experimentally in- 
fected animals. This material, coccidioidin, may also be used as the antigen 
in complement fixation tests and in precipitin reactions. Hirsch and Ben- 
son (1927) showed filtrates of cultures of C. immitis to give specific skin 
tests, and that heating at 80° C. for 30 minutes did not destroy its activity. 
Also, prolonged electrodialysis caused the formation of white floccules which, 
when dissolved in distilled water with N/100 NaOH, gave positive tests 
comparable to those evoked by the original coccidioidin. Hirsch and 
D’Andrea (1927) were able to recover a “‘specific soluble substance” from 
coccidioidin by alcohol precipitation. More recently, Hassid, Baker, and 
McCready (1943) isolated a polysaccharide from coccidioidin, which gave 
positive skin tests to 0.00001 mg. injected intradermally and gave a pre- 
cipitate in serum and pleural fluid in a dilution of 1:640,000. These few 
reports indicate the nature of the specific substance in culture filtrates of 
C. immitis. The “‘crude” filtrate, coccidioidin, has been used, however, as 
a specific skin-testing material in epidemiological studies to determine the 
rate of infection in the population and to determine the endemic foci of 
coccidioidomycosis in this country. The clinical significance of an estab- 
lished sensitivity to C. zmmitis should be investigated. 

In North American blastomycosis (Gilchrist’s disease), an investigation 
of the significance of an established sensitivity to Blastomyces dermatitidis 
has been reported by Martin and Smith (1939). They have shown that 
patients sensitive to a skin test dose of a standardized heat-killed Blasto- 
myces vaccine could not be given iodides safely without previous desensiti- 
zation. In such patients, infection spread rapidly when iodides were given 
in the presence of sensitivity to the organism. Peck, Martin, and Hauser 
(1940) isolated polysaccharides from the yeast phase of B. dermatitidis and 
found that this type of material gave positive skin tests and also could be 
used for desensitization. The allergic state of the patient in this disease, 
therefore, must be established before treatment can be instituted. Not 
only should the allergic state of a patient infected with 6. dermatitidis be 
established before rational treatment can be given, but the immunologic 
status of the patient should also be known. Martin and Jones (1941) were 
able to treat successfully, with immune rabbit serum, a patient with a nega- 
tive skin test, a negative complement fixation test, but a positive Foshay 
type of test (positive skin test to immune rabbit serum). Such a patient 
was thought to have excess antigen produced by the fungus, which masked 
the skin test and inhibited antibody formation. By injecting immune rab- 
bit serum, the patient’s immunologic status was reversed and response to 
treatment was immediate. A similar type of immunologic finding has also 
been reported by Hiatt and Martin (1946) in a patient with pulmonary 
moniliasis. Rapid clearing of the lungs followed treatment with anti- 
albicans rabbit serum in a patient showing a positive Foshay type of skin 
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test to immune serum, but in whom there was a negative skin test to vac- 
cine and a negative agglutination test. In this patient, it was thought that 
excess antigen produced by Candida albicans masked the skin test and in- 
hibited antibody formation. In these two instances, therefore, an under- 
standing of the patient’s immune response was necessary for successful 
treatment. Information concerning the significance of sensitivity and im- 
mune responses in. other types of systemic fungus infections may prove 
equally as important. 

While the allergic and immune status of an individual patient should be 
studied with all of the available techniques, it is also of great importance to 
establish the rate of infection of a given fungus disease in the population 
for a better understanding of that disease. Epidemiologic studies of two 
systemic fungus infections (coccidioidomycosis and histoplasmosis) have 
changed the concept of these diseases. Both were thought to be highly 
fatal infections until skin test materials were developed that could detect 
minimal or past infections by eliciting a positive skin test, comparable to 
and interpreted in the same way as the tuberculin test. Gifford (1936) 
and Dickson (1937) were the first to demonstrate that a primary benign 
type of infection was caused by Coccidioides immitis. Inhabitants in the 
known endemic areas of the disease have shown a high incidence of infec- 
tion, as determined by positive coccidioidin tests. The secondary malig- 
nant progressive phase of coccidioidomycosis (coccidioidal granuloma) was 
found to occur infrequently and to be more prevalent in the dark-skinned 
races. 

Until recently, histoplasmosis has been considered a highly fatal infection. 
Christie and Peterson (1945), Palmer (1945 and 1946), and Furcolow, High, 
and Allen (1946), however, have shown that, in certain parts of the country, 
there is a high correlation between pulmonary calcification in nontuberculin 
reactors and positive skin tests to histoplasmin. If this skin-testing mate- 
rial proves to be specific (Emmons, Olson, and Eldridge, 1945; Howell, 
1947), it will have shown that Histoplasma capsulatum also causes a pri- 
mary benign type of infection and that the highly fatal form of the disease 
represents only a not too frequent secondary malignant type of infection. 

It is hoped that the future development of mycological methods will 
stress these physiological, chemical, immunological, and epidemiological 
approaches and will yield a better understanding of the human pathogenic 
fungi. Much has already been accomplished, and the methods of study 
have been indicated. Such a program will need the help of adequately 
trained personnel. The personnel necessary for effective work would in- 
clude a mycologist, a physiologist, an immunochemist, and a pathologist. 
This group should be in contact with clinical facilities that would provide 
cases for study and should be in contact with clinicians who would help 
select the problems to be investigated. 
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SUPERFICIAL DERMATOMYCOSES CAUSED BY 
TRICHOPHYTONS, MICROSPORUMS, AND 
EPIDERMOPHYTONS 


By Fred D. Weidman 


Department of Dermatology and Syphilology, School of Medicine, 
University ot Pennsylvania, Philadelphia, Pa. 


If one were to consult a standard text on dermatology,! he would find 
such a long list of superficial fungus diseases caused by Trichophytons, 
Microsporums, and Epidermophytons that he would realize at once the im- 
possibility of making a comprehensive presentation, even in a monograph 
like this. I have decided, therefore, to steer a course which will be pano- 
ramic, hoping to inform the general scientist and general pathologist, even 
at the expense of the dermatologist and skilled mycologist. In so doing, I 
will follow the avenue of the general pathologist and attempt to trace the 
natural history of the diseases in the premises. 

Accordingly, this panorama, first, will confine itself to dermatomycoses 
that are superficial (ringworm and favus). Second, it will deal with the 
pathology of the group as a whole. In connection therewith, certain fea- 
tures will be pointed out that either have been underemphasized or have 
some special application to medical biology at large. To a large extent, 
these special points have a bearing upon diagnosis and treatment, which 
are so important to the dermatologist. 

Habitat of the Fungi on Vegetation and Animals. I am not aware of 
authenticated evidence that any of the three genera of fungi cited in the 
title live and grow upon vegetation in nature. Members of all of them, 
however, frequently parasitize the skin of lower animals: cats, dogs, horses, 
cattle, sheep, monkeys, and others.? In short, the diseases that they pro- 
duce can be contracted from lower animals, but, at the same time, it is 
thoroughly established that most of them are contracted from man to man. 
Details in respect to animals can be found in the recent volume by Hull.* 
Kadisch* has reviewed the subject in general. 

Transmission. This is a story that is too extensive and complex to elab- 
orate in detail here. Suffice it to point out that one is dealing with fungous 
cells which live upon the surface of an animal or of man, and which need 
only come in contact with the appropriate (receptive) soil on the surface of 
a human being. Moreover, after being shed from the animal (including 
man), the spores can lie dormant and viable in the environment for as much 
as three months in the case of Trichophyton mentagrophytes*:7 and twelve 
months for Microsporum felineum.® 

Predisposing Factors for Infection. Considering the ubiquity of super- 
ficial fungus disease, and the readiness with which the infectious material 
can be dispersed into the environment, it is clear that many human skins 
are immune to infection. Otherwise, practically all human beings would 
become infected. There is ample evidence of the close and continued con- 
tact of infected skins with healthy ones. Many wives are free from derma- 
tophytosis of the toes (athlete’s foot), whereas their husbands’ toes are 
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notably diseased. Again, in a family of ten, only one or two members will 
have favus—a favus, moreover, that is of several years’ duration. The re- 
maining eight must be immune. Natural immunity accounts for many of 
these cases, but certain investigations’ make it appear that a high pH of 
the cutaneous surface plays a role in preventing infection. Acquired im- 
munity is indicated in the skin at a pre-existing patch of favus which has 
been found immune against experimental reinoculation for up to three 
months.’ Singularly, the endocrine system plays a role in tinea capitis. 
Witness the fact that the infection can disappear spontaneously at puberty 
and can be made to disappear under treatment by stilbesterol. In short, 
there is an outstandingly large factor of ‘the soil’ in connection with that 
successful invasion of the skin which we call infection. 

Moisture, especially from sweating, is conducive to infection, especially 
in intertriginous places. 

The Tissue Reaction. Thisis the “morbid anatomy” of the general pathol- 
ogist. The range of tissue reaction is variable, but is confined to the skin. 
Singularly, the disease does not extend to the internal organs. Even when 
fungus spores are forcibly rubbed into denuded skin and reach internal 
organs, they survive only a few hours.'° It is assumed that the fungus 
perishes for lack of oxygen. 

In respect to the tissue reaction of the skin, the simplest is that in which 
only the epidermis participates. That is, an inflammatory infiltration does 
not develop in the corium. This simple reaction is not represented in any 
of the diseases caused by Trichophyton, Microsporum, and Epidermophyton. 
It is represented in tinea versicolor. Here, little more than a moderate 
hyperplasia of epidermal cells and hyperpigmentation take place. The 
hyperplasia results in excessive keratinization, and the end result is a macule 
which is more or less brown, slightly scaly, and scarcely congested. In- 
cidentally, the disease, not uncommonly, has a predilection for the orifices 
of the hair follicles, thus resulting in a stippled patterning. On the face of 
it, this would speak for the presence of nutritive materials which originated 
in the pilosebaceous apparatus; but the matter could be much more complex 
than this. In any event, there is a hint here toward the investigation of 
factors which might favor the growth of this fungus species. 

All three genera are concerned in the next higher level of tissue reaction, 
such as is exemplified in ringworm of the scalp (tinea circinata) and dermato- 
phytosis. Here, it is definitely inflammatory. The story is the conven- 
tional one in respect to the connective tissue reaction, namely, congestion 
and exudation. The congestion is reflected in the redness observed clini- 
cally. The exudation may mount to such proportions as to produce a 
vesicle or even a bulla. In one form of ringworm of the scalp (kerion), it 
is so severe as to result in suppuration. The epidermis participates in the 
form of a cellular hyperplasia (which the dermatologist denominates “‘acan- 
thosis”), together with edema. The fungus is confined to the epidermis. 
In the case of vesicles and bullae, it is most abundant on the underside of 
the ceiling of the vesicle, and a practical suggestion therefrom is that the 
dermatologist should point toward this region when he is examining mate- 
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rial microscopically for fungus for purposes of diagnosis. That is, the bot- 
tom of the ceiling should be arranged “upward” on the microscopic slide. 
Thereby, the fungus will not be obscured to the extent that it would be 
otherwise. : 

Depending upon the individual case, then, the lesion either will be simply 
congested and hyperkeratotic (scaly), as in the simpler cases, or will have 
vesiculation and bulla formation added, as in severe ones. Secondary in- 
fection accounts for the presence of pus in both vesicles and bullae. 

Secondary effects are well established in the form of ascending lymph- 
angitis and cellulitis. In addition, certain claims have been made that 
dermatophytosis is responsible for thromboangiitis obliterans, but it is too 
soon as yet to accept this theory as proven.” 

Mycotic Folliculitis (Ringworm and Favus). Here, the infection extends 
more deeply below the surface, i.e., into the deepest parts of the hair follicle 
(tinea capitis, tinea barbae, and favus). With the exception of favus, the 
fungus still invades only the epidermis, in principle, if one recalls that the 
sheath of the follicle and its contained hair shaft are but invaginations of 
surface epithelium. The fungus gains entry at the follicular orifice, after 
which it proceeds downward through the hair shaft. It induces degenera- 
tion of the shaft, which results in its loosening from the hair papilla. The 
hair falls out or is broken off, resulting in baldness. Fortunately, the 
papilla itself is not destroyed, except in favus, and after the disease has 
regressed, it resumes the formation of hair shafts. The baldness is only 
temporary. In infections with Microsporum felineum the reaction is so in- 
tense that suppuration ensues, 7.e., suppurative folliculitis. This is the 
“kerion”’ of the dermatologist. 

There is one fungus species, Trichophyton schoenleinii, which extends be- 
yond the hair follicle into the connective tissue roundabout. It is the cause 
of the disease favus.. It destroys the hair papilla, from which the hair 
shaft grows, with the result that permanent baldness results. The damage 
that is produced in the connective tissues results in scarring. This T7i- 
chophyton is the only member of the three genera under discussion which 
produces permanent damage to the skin. 

Immunity. In spite of the extremely superficial diseases produced by 
these three fungus genera, their products diffuse sufficiently into the corium 
to act as antigens. This results in allergic tissue reactions in more or less 
distant parts of the skin, which are known as dermatophytids. Naturally, 
such lesions do not contain fungoussubstance. The type of reaction (lesion) 
is so highly varied that it cannot be described in detail here. Suffice it to 
say that the lesions are of such varied type and distribution as to imitate 
those of other dermatoses so closely that even the most skilled dermatologist 
is commonly baffled by them. As to the usefulness of immunologic reac- 
tions for purposes of diagnosis, it is enough to say that they are practically 
nil, whether cutaneous or serologic. 

Laboratory Diagnosis. Although the principles of technique conform to 
those of bacteriology, the methods are radically different and much simpler. 
This is so, principally, because both fungus cells and colonies are so much 
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larger and characteristic that resort need not be had as frequently to bio- 
logic tests. Commonly, the morphology in the test tube or under the micro- 
scope suffices. For details, see the text by Lewis and Hopper.! Inciden- 
tally, ultraviolet light (Wood’s light), played upon a fungus colony, induces 
differences in color which have diagnostic value, but the usefulness of this 
method is impaired because much skill is entailed in the reading of the 
colors. The assistance of a skilled mycologist is required here. Such a 
light, however, has come into general use clinically. When directed upon 
a lesion, the fungus-infected materials fluoresce spectacularly. The species 
of fungus is not indicated in such examinations. Only the fact that the 
disease is mycotic is demonstrated. 

Treatment. As in the past, fungicidal chemicals are the main reliance 
today, together with X-ray epilation in the case of ringworm of the scalp. 
One notable advance has been made by discovering fungicidal value in cer- 
tain fatty acids. These have the advantage that they do not induce un- 
toward inflammatory reactions. Hopkins and his co-workers" investigated 
them in respect to dermatophytosis, employing volunteers at Army estab- 
lishments during World War II, and fixed upon propionates and undecylen- 
ates. Peck and Russ’ prefer propionate-caprylic mixtures. The entire 
subject, including the requirements for fungicide testing, has been reviewed 
recently.!® 

In the treatment of ringworm of the scalp (tinea capitis), it has been dis- 
covered recently that fungicidal applications suffice to cure infections by 
Microsporum felineum, whereas infections by Microsporum audouint remain 
resistant and require X-ray treatment. This has lead to increased de- 
mands upon the laboratory for the identification of the fungus species in 
the case. 

Tn any event, many of the ringworm infections are resistant to cure, even 
under the best circumstances. This has lead to praiseworthy attempts in 
other directions than the stereotyped fungicidal chemicals. Thus, Cham- 
bers and Weidman" discovered a fungistatic strain of Bacillus subtilis in 
normal toes which inhibited a pathogenic fungus of ringworm of the toes. 
That is, antibiotic therapy was essayed. Lewis'* has continued such studies, 
but the results have not been sufficiently proven. 

Poth'® secured good results in the treatment of ringworm of the scalp by 
the administration of stilbesterol by mouth, but results have not been suff- 
~ ciently uniform in other hands to establish this method. There is a logical 
basis for this form of treatment, because it is an established fact that tinea 
capitis disappears spontaneously at puberty and is almost unknown after 
that time. 

Dolce and Nickerson”’ employed zinc chloride locally on the basis that. it 
might inhibit respiration of the fungus. Although they failed, it is never- 
theless true, as they pointed out, that it is the avenues directed against the 
biology of the fungus that should be followed in future investigations. Only 
in this way can one expect to emerge from the welter of stereotyped, em- 
pirically selected chemical fungicides and uncover substances that are epoch- 
making in therapy. 
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CHROMOBLASTOMYCOSIS* 


_By Arturo L. Carrién 
School of Tropical Medicine, San Juan, Puerto Rico 


Clinical Aspects 


Definition. Chromoblastomycosis is a chronic, infectious, apparently 
noncontagious skin disease confined most frequently to one of the lower 
extremities and characterized clinically by the formation of nodular, verru- 
cous, or tumorlike lesions. The infection may be caused by any of several 
species of dematiaceous fungi. 

Synonymy. The term “chromoblastomycosis,” first used by Terra et al.2 
in 1922, is not only a long word, but a misnomer, falsely ascribing the dis- 
ease to a Blastomyces and conveying the erroneous impression of an extra- 
ordinary color element in the clinical picture. Notwithstanding this, we 
believe that, for the present, this name should be preserved. It has been 
extensively used in the literature and it expresses the frequent resemblance 
of the disease to true blastomycosis. Furthermore, the prefix ‘‘chromo,”’ 
though misleading in regard to the clinical picture, is descriptive of the 
etiologic fungus. 

The following synonyms have been used or suggested for this disease: 
Blastomycose negra (Pedroso®); figueira (Rudolph*); dermatite verrucosa por 
Phialophora verrucosa (Pedroso and Gomes?) ; formigueiro (Gomes®) ; chromo- 
mycosis (Moore and Almeida’); dermatite verrucosa cromomicésica (Re- 
daelli’); dermatitis verrucosa blastomicética (Boggino®); Pedroso’s disease, 
Fonseca’s disease, or Gomes’ disease (Weidman and Rosenthal!°); Pedroso 
and Carrién’s disease (Barros-Barreto"). Some of the synonyms just men- 
tioned are almost as long or longer than chromoblastomycosis and are still 
misnomers; others might be criticized for bearing personal names. If the 
term “‘chromoblastomycosis” were to be changed at all, it should be done at 
an international congress, where the subject could be thoroughly discussed 
and settled by general agreement. 

History. In 1911, Pedroso, of Sao Paulo, Brazil, noted the presence of 
large, dark-brown to yellowish, spherical bodies in a biopsy from a patient 
with nodular and ulcerated skin lesions of the foot and leg (Pedroso and 
Gomes®). He suspected a mycotic infection and was able to isolate from 
the lesions a dark-colored fungus. The disease became known as Oblasto- 
mycose negra in Pedroso’s laboratory (Pedroso’), but the study of the 
presumptive causative agent was postponed and the discovery was not re- 
ported until 1920.° Seay 

In 1914, Rudolph! published his observations on a skin disease popularly 
known as figweira in Minas Geraes and Goyaz. The clinical description and 
mycologic findings given by Rudolph in his report clearly indicate that he 
was dealing with the same disease observed by Pedroso in Sao Paulo three 


years before. 


* In the preparation of this paper, 
tion contained in a chapter on chromoblasto re i 
(Annales Cryptogamici et Phytopathologici) by Carrién and Silv 


been included. 


the author has partly transcribed and partly abstracted the informa- 
blastomycosis previously prepared for ‘Biology of Pathogenic Fungi 
a.1 Some additional information has also 
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In 1915, Medlar® and Lane," in the United States, published their ob- 
servations on “a cutaneous infection caused by a new fungus...” in a 
patient from Boston. The lesions of this patient were of blastomycetic type 
and contained numerous spherical, pigmented, parasitic cells. The etio- 
logic fungus was carefully studied and named Phialophora verrucosa. From 
the descriptions of Medlar and Lane, it was apparent that the disease in 
the Boston patient was identical in nature with that previously observed in 
Brazilian patients by Pedroso® and Rudolph.* 

In 1922, Brumpt" established that the organism causing the infection in 
Pedroso’s original case was not Phialophora verrucosa, but a new species, 
which he named Hormodendrum Pedrosoi. Subsequent studies on the morph- 
ology of the latter fungus have led to one of the most interesting chapters 
in the history of chromoblastomycosis. In 1923, Fonseca and Leao!’ de- 
scribed for this fungus a second method of sporulation which corresponds 
closely with the genus Acrotheca. In 1935, it was found in our laboratories'® 
that the species Pedrosoi possesses still another method of sporulation by 
which the conidia are produced in phialides, thus establishing its relation- 
ship to a third form genus, namely, Phialophora Medlar, 1915." The si- 
multaneous occurrence of three methods of sporulation in one and the same 
organism and the various proportions in which these methods may be repre- 
sented in different isolates of the parasite led to the description of the species 
under different specific and generic names. The literature on the subject 
became extremely confusing. However, after years of painstaking work 
in our laboratories,'*!® the synonymy of these names became firmly estab- 
lished, and the binomial Fonsecaeae Pedrosoi, proposed by Negroni,”° of 
Argentina, has been accepted as the most convenient name until the perfect 
form of the fungus becomes known. 

In 1935, we described, in a Puerto Rican case, a third etiologic agent for 
chromoblastomycosis. The Puerto Rican fungus reveals the three methods 
of sporulation characteristic of the genus Fonsecaea, but it possesses suf- 
ficiently distinct characteristics to warrant its registration as a new spe- 
cies which bears the name Fonsecaea compactum.” 

According to the above observations, it is evident that chromoblasto- 
mycosis, like mycetoma, may be caused by many different fungus parasites. 
In addition to the three etiologic fungi just reviewed, a few others which 
appear to be legitimate species have been recently described. Although the 
latter species are not generally recognized, they are worthy of consideration 
and will be discussed later under ““Mycologic Aspects.” 

Incidence and Geographic Distribution. The existence of chromoblasto- 
mycosis has been established in North, South, and Central America, the 
West Indies, Europe, Africa, the East Indies, Japan, and Australia, leav- 
ing continental Asia as the only part of the world as yet without reported 
cases. Among the infections classed as chromoblastomycosis, there are 
159 in which the diagnosis appears to have been made on a sound basis, 
and this number might be accepted as an approximate index of the recog- 
nized cases up to the year 1947. These cases are distributed as follows: 
Cuba, 43; Brazil, 41; Puerto Rico, 15*; South Africa, 12; United States, 9; 


* Among the 15 Puerto Rican cases, there are 8 which have not been officially published yet. 
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Venezuela, 9; Russia, 5; Costa Rica, 4; Dutch East Indies, 4; Japan, 3; 
Algiers, Argentina, and Australia, each, 2 ; and Rhodesia, Dominican Re 
public, Guatemala, Canal Zone, Mexico, Canada, Paraguay, and Uruguay 
one case each. By plotting these cases on the map, it will be found iat 
127, or 80 per cent, occurred in tropical or subtropical regions, and only 32 
or 20 per cent, in temperate zones. According to these observations, 
chromoblastomycosis might be considered as a cosmopolitan disease ane 
its distribution would be predominantly tropical. 
Symptomatology. The disease usually affects one of the lower extremi- 
ties. It begins as a small papule or warty growth, which may develop any- 
where on the extremity, but is located, as a rule, on some part of the foot, 
whence the infection spreads upward through the gradual development of 
satellite lesions The course of the pathologic process is slow, and the 


: Ficure 1, A Puerto Rican case of chromoblastomycosis of fifteen years’ duration. The lesions occurred 
in great numbers, especially toward the distal portion of the extremity, and they were conspicuously varied 
in morphology. 


clinical history often reveals that the infection has existed for ten or more 
years at the time of examination. 

In a typical well-advanced case of chromoblastomycosis, the foot and leg 
are generally swollen and somewhat elephantiasic in appearance (FIGURE 1). 
The lesions occur in great numbers, especially toward the distal portion of 
the extremity, and they are conspicuously varied in morphology. For the 
purpose of description, it is convenient to class them in five different types, 
namely, the nodular, the tumorous, the verrucous, the plaque, and the 
cicatricial. 

The nodular type includes the youngest and smallest elements in the 
clinical picture and consists of moderately elevated, fairly soft, dull-pink 
to violaceous growths, the surface of which may be smooth, verrucous, or 
scaly. 

Through further development, many nodules are gradually transformed 
into lesions of the second, or tumorous, type. This type is represented by 
much larger and more prominent, distinctly papillomatous, sometimes 
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lobulated, tumorlike masses, partly or wholly covered with dirty gray epi- 
dermal débris, crusts, and horny particles. On the foot and lower leg, where 
the pathologic process tends to be most exuberant, the tumor masses often 
reach enormous dimensions, taking on the characteristic appearance of 
cauliflowers. 

In the third, or verrucous, type of lesion, hyperkeratosis is the outstand- 
ing feature; the efflorescences are warty in appearance and may resemble 
verruca vulgaris. Growths of the verrucous type are frequently encoun- 
tered along the borders of the foot. 

The plaque type is the least common of the lesions of chromoblastomy- 
cosis. It consists of fairly flat, slightly elevated, variously sized and shaped 
areas of infiltration. They are reddish to violaceous in color, superficially 
scaly, and some of them show exaggeration of the lines of cleavage. The 
development of small, papillomatous vegetations, or larger nodules, within 
a plaque is sometimes observed and may lead to great variations in the 
morphology. When present in the clinical picture, the plaques are generally 
found on the higher portions of the extremity and never on the lower leg or 
foot. 

Finally, the cicatricial type of lesion is represented by growths that en- 
large by peripheral extension, while healing takes place at the center with 
the production of sclerotic or atrophic scarring. Cicatricial lesions may 
cover more or less extensive areas and are usually annular, arciform, or 
serpiginous in contour. 

The lesions of chromoblastomycosis develop slowly but progressively, and, 
in the course of time, a few or many of them may coalesce to form extensive 
and often bizarre aggregates. The infected tissues are easily traumatized 
and bleed readily. When pressed with the fingers, many of the lesions dis- 
charge a whitish, caseous material and sometimes fluid pus at one or more 
points. Secondary bacterial infections and ulceration frequently compli- 
cate the clinical picture and are mostly responsible for the foul-smelling 
character of the eruption, a feature that is usually perceptible at a distance 
from the patient. Subjectively, pruritus may be an important symptom, 
and some patients complain of pain. In advanced cases, there is partial or 
total incapacity for work. 

The deeper tissues are not usually involved. The lymphatic glands 
draining the diseased focus may participate in the process, but this is not 
the rule. However, adenitis due to bacterial complications is not infre- 
quent. Metastases through the blood stream appear to be extremely rare, 
but there is no question that they can be produced (Carrién and Koppisch”). 
Finally, no systemic symptoms have yet been recorded from the infection. 

It should be emphasized that the dermatologic picture just given is a 
general representation of the symptomatology in well-developed, typical 
cases of chromoblastomycosis of the lower extremities. Although location 
in one of the lower extremities is the rule, the disease may affect the skin in 
almost any other part of the body, either as aberrant lesions produced during 
the course of a limb infection, or as the original site of attack. Involvement 
of the upper extremities ranks second in order of frequency, the initial lesion 
usually being located somewhere on the hand or wrist, although it may ap- 
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pear in any other segment of the limb. Infection of the face has been re- 
corded in three instances, while the neck and trunk have been involved only 
once each and in different cases. 

Clinical Types. In chromoblastomycosis, as in any other chronic, infec- 
tious dermatosis, the clinical type of the infection in individual patients may 
vary in accordance with the duration of illness, the degree of virulence of the 
infecting parasite, the nature of the host reaction, and the location of the 
pathologic process. Different clinical types of the disease have been re- 
ported (Carrién,” Pardo-Castello™) according to the predominance of one 
of the types of lesion above described. The possible correlation of clinical 
types with one or another of the specific parasites producing the disease has 
been suggested by various workers, but our present knowledge is too limited 
to warrant final conclusions on this phase of the subject. 

Histopathology. Chromoblastomycosis falls into the group of infectious 
granulomas. The pathologic process affects both the cutis and the epi- 
dermis, and it develops toward the surface with little or no tendency to 
involve the deeper structures. Infection is apparently extended to adja- 
cent regions by autoinoculation through the epidermis, or by way of the 
superficial lymphatics (Carrién and Koppisch,” Mériin,?® Edson de Al- 
meida,”® Briceno-Iragorri””). Metastases through the blood stream are 
very rare, but may be produced (Carrién and Koppisch*’). 

When the lesions are examined microscopically, the epidermis is generally 
thickened and often folded to fit the underlying papillomatous elevations 
(FIGURE 2). The thickening is due largely to hyperplasia of the stratum 
Malpighit, whichnot only is broader than normal but shows irregular growths 
penetrating more or less deeply into the cutis (FIGURES 2 and 3). These 
growths may be sufficiently pronounced to resemble an epithelioma of the 
prickle cell type. The stratwm corneum shows marked hyperkeratosis and 
is often distorted. Polymorphonuclear leucocytes are sometimes noted in- 
filtrating the epidermal layers and, not infrequently, they form miliary, 
abscesslike accumulations. 

In the cutis, the pathologic reaction is essentially granulomatous, with a 
varied cellular infiltrate consisting of lymphocytes, plasma cells, large mono- 
nuclear leucocytes, polymorphonuclear leucocytes, eosinophiles, Russell’s 
fuchsin bodies, epithelioid cells, and occasional giant cells of both the 
Langhan’s and foreign body types. The infiltrate may be focal or diffuse. 
In many places, it is distinctly tuberculoid (FIGURE 4). Miliary abscesses 
are frequently observed, but widespread necrosis, softening, and free sup- 
puration are not so common. ‘The affected tissues show a constant ten- 
dency toward fibrosis as a natural defense mechanism to wall off the infec- 
tive process. This tendency becomes especially noticeable in the older 
foci of infection, where the major part of the lesions often consists of fibrous 
tissue. ae ; 

The most significant character in the pathologic picture is undoubtedly 
the presence of the infecting fungus (FIGURE 4). This may be seen as 
rounded, occasionally crescent-shaped (FIGURE 5), often septate bodies 
measuring about ten microns in diameter, with fairly thick and dark cell 

‘walls and a coarsely granular protoplasm possessing a pigment which has 
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been variously described as ochre, olivaceous, yellowish-green, and dark 
chestnut. The parasitic cells may occur singly or in groups. In the cutis 
they are variously located within giant cells, free in the tissues, and, not 
infrequently, in the center of microabscesses, but they may be found also 
within epithelial pearls and microabscesses in the epidermal layers. Evi- 
dence of germination is often noted in the stratum corneum. 
Etiologic Factors. Chromoblastomycosis occurs most frequently during 
the period of active adult life. Among 109 authentic cases of the disease 


Ficure 2. Histopathologic section of a lesion in chromoblastomycosis. The epidermis is thickened and 
folded to fit the underlying papillomatous elevations. In the cutis, the reaction is essentially granulomatous, 
with a varied cellular infiltrate. 


in which the age was recorded, 77 (nearly 71 per cent) lay between the ages 
of 20 and 50 years. The extreme ages at which infection took place were 
3 (Tschernjawski’’) and 76 (Takahashi*’) years, respectively. 

Chromoblastomycosis is decidedly more common among males. A re- 
view of 138 authentic cases in which the sex was registered showed that 132 
were males, a proportion of 96 per cent. 

There seems to be no race immunity. However, in a collection of 124 
clinical histories containing data regarding the race of the patients, it was 
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found that 74 cases, or 60 per cent, were Caucasians, and 38 cases, or 30 
per cent, were Negroes. Other races reported in the remaining 10 per cent 
included: the Mongolian (6 cases), the Malayan (2 cases), the Hindu (2 
cases), a Mexican mestizo; and a Jamaican. ‘ 

A large majority of the victims of chromoblastomycosis have been farm 
laborers working barefooted in the fields at the time of infection. Ina study 
of 73 patients whose histories include the occupation, it was found that 60, or 
82 per cent, were engaged in this type of work, while 3 others were farmers 


vase 


om 
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_ FIGuRE 3. Histopathologic section of a lesion in chromoblastomycosis. The thickening of the epider- 
mis is due largely to hyperplasia of the stratum Malpighii, which is not only broader than normal but shows 
irregular growths penetrating into the cutis. 


who were also engaged in other occupations (carpentry, mining, and nurs- 
ing). 

The specific causative fungi of chromoblastomycosis will be discussed 
under ‘‘Mycologic Aspects” (q.2.). 

Treatment. When the lesions are small and discrete, it may be possible 
to eradicate completely the infection by surgical excision or electrocoagula- 
tion. On the contrary, when the infection is advanced and the lesions 
numerous, extensive, and confluent, these measures may be impracticable 
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Ficure 4. Histopathologic section of a lesion in chromoblastomycosis showing a tuberculoid type of 
reaction. Note fungus elements in center of tubercle, and also within giant cell. 


Ficure 5. Histopathologic section of a lesion in chromoblastomycosis i i 
R ycosis showing fungus 
form. Note also degenerated fungus element within giant cell. ‘ iin ges 


and treatment becomes a more difficult problem, the method of attack de- 
pending on the individual circumstances. 

In late lower-limb infections, the leg and foot are liable to be elephan- 
tiasic and heavy; secondary bacterial complications and ulcerations are 
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not uncommon and may be disturbing to the general health; the lesions are 
foul-smelling and repulsive in appearance; the patient becomes physically 
disabled and mentally demoralized. Under such circumstances, surgical 
amputation and an artificial leg might solve the therapeutic problem, pro- 
vided that the patient is otherwise healthy, not aged, and is willing to 
undergo the operation. This procedure would not only eliminate the 
physical and mental sufferings inherent to the disease, but would bring the 
victim back to an active, more productive, and happier life. 

When the patient is old or unwilling to accept radical surgery, or when 
the infection affects a region other than the leg and foot, not so liable to 
serious complications, treatment should be conducted on more conservative 
principles and should consist of both systemic and local measures. Inter- 
nally, many chemotherapeutic agents—including arsenic, mercury, bismuth, 
gold, antimony, methylene blue, and the iodides of potassium and sodium— 
have been used to combat the infection. Among these, only the iodides 
would seem to be partially effective. They should be administered both by 
mouth and intravenously when possible, and the daily dose should be grad- 
ually raised to, and maintained at, the limit of tolerance over long periods. 
By this method of therapy, it has often been possible to reduce the fibrosis 
and the size of the lesions, some of which may even disappear, promoting a 
general feeling of optimism in the patient. Careful follow-up observations, 
however, have not offered convincing evidence of the curative action of 
these compounds. Recent experiments would seem to indicate that sodium 
sulfamerazine possesses distinct inhibiting properties against Fonsecaea Pe- 
drosoi in vitro (Keeney et al.*°). On the basis of this knowledge, the drug 
is now being administered to Puerto Rican patients, but it is too early yet 
to evaluate its true merits as a therapeutic agent in chromoblastomycosis. 

Local treatment should aim, first, at the elimination of all incipient ef- 
florescences and as many of the older ones as can be effectively removed 
surgically or by electrocoagulation. Since the disease is slow in spreading 
and the possibilities of metastases are so meager, the fulfillment of that aim 
should check further progress of the infection. Second, lesions of larger 
size should be destroyed as far as possible by similar methods, and local 
treatment then conducted on general principles, giving preference to sodium 
sulfamerazine preparations. Iontophoresis with copper sulphate, which 
was employed with good results in a patient with lesions on the hand and 
forearm (Martin e/ al.*!) is worthy of further trial. Treatment with Roent- 
gen rays has often promoted the improvement or complete clinical disap- 
pearance of some lesions. Follow-up observations, however, have not been 
satisfactory, and recurrences on the radiated areas have been observed. 
This method of therapy might, perhaps, be effective on lesions of limited 
extent, but further investigative work is required for the development of an 
adequate technique. 


Mycologic Aspects 


Chromoblastomycosis has been ascribed to several species of dematia- 
ceous fungi, which may be classed in two groups. The first group consists 
of organisms that are moldy in appearance and includes Fonsecaea Pedrosot, 
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Fonsecaea compactum, Phialophora verrucosa, Torula poikilospora, and two 
Hormodendrum species described respectively by Simson® and O’Daly.* 
The second group consists of four organisms which produce primarily soft, 
dark, moist colonies undergoing what appears to be a yeast-like phase in 
the course of their development. As the cultures age, the thallus becomes 
partly filamentous, but the growth as a whole retains its moist appearance. 
Only two of the organisms of this group have been published: Hormiscium 
dermatitidis, by Kano,** and a “black Candida-like . . . species,” described 
by Berger.*® Of the two remaining fungi of this group, one was isolated 
by C. Bonne in the East Indies, and the other was obtained by us in Puerto 
Rico. The descriptions of these two fungi are not yet available. 

Fonsecaea Pedrosoi. Authorship: Brumpt, 1922; Negroni, 1936, comb. 
nov.?; Carrién, 1940, emend.}s 

Synonymy. Hormodendrum Pedrosoi (Brumpt*); Phialophora verrucosa 
(Pedroso and Gomes®); Acrotheca Pedrosoi (Fonseca and Leao'*); Hormo- 
dendrum algeriensis (Montpellier and Catanei**); Acrotheca Pedrosiana 
(Bonne*’); Trichosporium Pedrosianum (Ota*’); Acrotheca verrucosa (Tschern- 
jawski); Trichosporium Pedrosoi (Langeron**); Hormodendrum rossicum* 
(Meriin®); Cladosporium algeriensis (Vuillemin); Gomphinaria Pedrosoi 
(Dodge); Hormodendroides Pedrosoi (Moore and Almeida); Phialophora 
macrospora (Moore and Almeida**); Botrytoides monophora (Moore and Al- 
media); Phialoconidiophora Guggenheimia (Moore and Almeida”); Hormo- 
dendrum japonicum* (Takahashi®®); Hotmodendrum Negroni} (Pereira**); 
Carrionia Pedrosoi (Briceno-Irgaorri*’); Hormodendrum chaquense} (Mazza 
and Nifio”); Phialophora Pedrosoi (Binford et al.'*). 

Geographic Distribution. Fonsecaea Pedrosoi has never been found in 
nature outside of the human body, but the widespread distribution of its 
victims has established its ubiquity. It is the most common etiologic agent 
of chromoblastomycosis. Among 90 legitimately classified organisms iso- 
lated from the disease throughout the world, 76, or 84 per cent, belong to 
this species. The geographic distribution of the fungus is conspicuously 
higher in the warmer climates. This is evident from the fact that 63, or 
83 per cent, of the 76 isolates just mentioned, were obtained from patients 
who contracted the infection in tropical or subtropical regions. 

The continental distribution of Fonsecaea Pedrosoi has been as follows: 
North America, 5 isolates, (4 from the United States and 1 from Mexico); 
Central America, 4 isolates, (3 from the Panama Canal Zonet and 1 from 
Guatemala); South America, 25 isolates, (19 from Brazil, 4 from Venezuela, 
and 2 from Argentina); West Indies, 31 isolates, (18 from Cuba, 11 from 
Puerto Rico,§ and 2 from the Dominican Republic||); Europe, 4 isolates, 


* The fungus described under this name was not available for comparative studies in our laboratories 
but the original description of the organism, together with the published illustrations, is strong evidence 
of its identity with Fonsecaea Pedrosot. 

+ Authentic cultures of the so-called Hormodendrum Negroni and Hormodendrum chaquense, respectively 
were kindly sent to us by Dr. Juan A. Mackinnon, of Uruguay. We agree with Azulay** that these two 
fungi are identical with Fonsecaea Pedrosoi. 

{Of the three isolates from the Canal Zone, only one has appeared in the literature (Snow ef al.49); the 
oe two were studied in our laboratories due to the courtesy of Drs. E. S. Wedding and C. Calero, respec- 

ively. 
1 4 ony four of the Puerto Rican isolates have appeared in the literature (Carrion and Koppisch®; Car- 
ridn5°), 

|| Of the two isolates from the Dominican Republic, only one has appeared in the literature, as far as we 
ee a and Pimentel-Imbert*!), The other was studied by the author due to the courtesy of M. F. 

imentel- Imbert. 
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4a (all of them from Russia); Africa, 4 isolates, (1 from Algiers and 3 from the 
Union of South Africa); Asia, 1 isolate from Japan; and the East Indies, 2 
isolates, (1 from Java and 1 from Sumatra). 
M or phology in Pathologic-Tissue. Since chromoblastomycosis in human 
. beings is essentially a skin disease, the infecting fungus is to be found almost 
, exclusively in cutaneous lesions. Here it may be recognized in both the 
dermis and epidermis as characteristic, usually spherical, occasionally cres- 
cent-shaped, brownish-yellow bodies, so-called ‘‘sclerotic cells,” measuring 
about 10 microns in diameter (FIGURES 4 and 5). These podies may peck 
a either singly or in clumps, rarely in short chains. They are found within 
giant cells, free in the tissues, in the center of microabscesses, or enclosed 
within epithelial pearls in the Malpighian and horny layers of the epidermis. 
The fungus elements possess a dark, fairly thick cell wall, part of which is 
occasionally swollen, bulging toward the interior of the cell. The wall is 
sometimes covered with a crusty layer of refractile material (FIGURE 6a). 
The protoplasm is granular, contains refractile inclusions, and possesses a 


Fricure 6. Fonsecaea Pedrosoi in the infected epidermal scales: (a) isolated fungus cell covered with a 
crusty layer of. refractile material; (b) fungus cells in different stages of division; (c) fungus cell showing 
internal septation in two planes, and also germiftation. 


conspicuous natural pigment which has been described as ochre, olivaceous, 
yellowish-green, and chestnut brown. The nucleus is not apparent in fresh 
or stained preparations. Germination of the parasitic cells is frequently 
observed in the stratum corneum of the epidermis (FIGURE 6c). In the in- 
fected tissue, multiplication of the fungus takes place by fission, different 
stages of the process being noticeable in both the dermis and epidermis 
(FIGURE 6b). 

Gross Morphology in Culture. On Sabouraud’s milieu d’epreuve and on 4 
per cent dextrose agar, after the fourth week and at room temperature, cul- 
tures resemble flattened cones, measuring about 5.5 cm. in diameter (FIG- 
URE 7); center of culture is elevated about 8 mm. above medium, sometimes 
forming mammillary prominence; rest of culture gently slopes, often radially 
folded; the aerial mycelium forms dark gray, greenish, olivaceous gray, OF 
dark brownish, feltlike network. On Czapek’s agar, colonies are poorly 
developed; mycelium is mostly submerged, gray to olivaceous, forming at 
border, arborescent outgrowths; central zone shows shallow layer of aerial 
hyphae. 

Microscopic Morphology in Culture. The microscopic characters are usu- 
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ally more conspicuous after the third week of growth. The vegetative 
hyphae are long, straight or undulated, 1.25 to 3 microns in diameter, sep- 
tate, branching, cell walls thick and dark; protoplasm olivaceous, granular, 
with refractile droplets. 

The sporulation is of three different types, namely, the H. ormodendrum, 
the Fonsecaea, and the Phialophora types. These methods of sporulation 
may be occasionally combined in the same spore head. The 7 ormodendrum 
type (FIGURES 8i, 8j, and 8k) may be more or less abundant. It is generally 
more conspicuous on Czapek’s agar cultures, and is sometimes predominat- 
ing, sometimes obsolete, according to the individual isolate. The fertile 


Ficure 7. Fonsecaea Pedrosoi: culture four weeks old developed at room temperature on Sabouraud’s 
‘milieu d’epreuve.”” 


branches are erect or ascending, with terminal cell or conidiophore sometimes 
darker, having at the tip several tiny, truncate, conical prominences to 
which the spores are attached. The conidia are borne in chains, usually 
short, which tend to branch by multiple budding at the distal pole of each 
successive conidia, resulting in the formation of complicated spore heads. 
The conidia are unicellular, ovoid, often elongated, those at the base of the 
chain being frequently shield-shaped and occasionally bicellular. They 
measure 3 to 5 by 1.5 to 3 microns (basal elements 2.5 to 3.5 by 7 to 10 
microns), are olivaceous in color, have smooth, thick, and dark walls and 
moderately to poorly developed disjunctors. The Fonsecaea type of sporula- 
tion (FIGURES 8a to 8h) is more or less abundant, usually more conspicuous 


on corn-meal agar cultures, and sometimes predominating, sometimes ob- 
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drosoi, microscopic morphology: (a, b, and c) Fonsecaea type of sporulation, 
Fonsecaea type of sporulation, lateral conidiophores with conidia; (f 


FicurE 8. Fonsecaea Pe 
here resembling Acrotheca; (d and e) A 


and g) Fonsecaea type of sporulation showing chain formation of Hormodendrum type; (h) Fonsecaea type 
of sporulation developed on Hormodendrum spore 1n Hormodendrum head; (i, j, and k) Hormodendtum type 
of sporulation showing short chains, profuse branching, and multiple successive budding of spores. 
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solete, according to individual isolate. The conidiophores are short or long, 
straight or irregular, exceptionally branched, consisting of one, sometimes 
more, articles disposed terminally, laterally, or intercalarily, often derived 
from spore element in Hormodendrum head (gIGURE 8h). The surface of 
the conidiophore is wholly or partly verrucous, due to the presence of tiny, 
truncate, conical prominences to which the spores are attached; its pigmenta- 
tion often is darker than vegetative mycelium. The conidia are sometimes 
single (not catenate), forming clusters which may be indistinguishable, 
when terminal, from those of Acrotheca (FIGURES 8a, 8b, and 8c), some clus- 


Ficure 9. Fonsecaea Pedrosoi: microscopic morph i i 
i 1SeC ie phology representing the Phialophor = 
tion. Note association of the Phialophora and Hormodendrum types of Bens caisinst BET t Zoe 


ters showing tendency to chain formation as in Hormodendrum (FIGURES 
8f and 8g). The morphology of the conidia resembles terminal and sub- 
terminal elements of Hormodendrum heads already described. The Phialo- 
phora type of sporulation (FIGURE 9) is usually scant to moderate in abun- 
dance; its morphology is similar to that of Phialophora verrucosa (q.v.). 
Chlamydospores of the “‘sclerotic cell’? type already noted in tissue, are 
sparsely produced in culture. 
, According to the various proportions in which the three methods of conid- 
ial formation just described may be represented in different isolates of 
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Pedrosoi, this species has been subdivided into four different varieties, 
namely: Fonsecaea Pedrosoi var. typicus Carrién, 1940"; Fonscaea Pedrosot 
var. Clados porioides Carrién, 1940!8; Fonsecaea Pedrosoi var. Phialophorica, 
Carrién, 1942'°; and Fonsecaea Pedrosoi var. communis Carrién, 1940.8 
The latter is the most common variety encountered, and its members al- 
ways show an abundance of Hormodendrum and Fonsecaea sporulations. 
The Phialophora cups are sometimes as abundant as the other two types, 
but usually they are scant. 

Biologic Characters and Reactions. It is generally admitted that onsecaea 
Pedrosoi requires an acid medium with a pH ranging between 5.5 and 6.5. 
The optimum temperature of this fungus has not been determined precisely, 
but its mycelium develops profusely, and sporulation is abundant at room 
temperature. A temperature of 100°C. is lethal in 15 minutes, while a 
temperature of 50°C. is well tolerated for at least one hour. The fungus 
grows best under aerobic conditions. There is no doubt, however, that it 
may grow to a certain extent at reduced oxygen tensions. Although 
Fonsecaeae Pedrosoi may be artificially stained by different laboratory meth- 
ods, it has shown no apparent reaction to Gram’s method of staining. With 
the Ziehl-Neelsen technique, it takes on a darker and somewhat reddish 
color. 

The biochemical activities of Fonsecaea Pedrosoi do not appear to be im- 
portant. The fungus has been tested repeatedly for fermentative action 
against a large number of sugars with negative results. Other tests to 
determine its action on milk, gelatin, and serum are too few and conflicting 
to permit conclusions. 

Immunologic Reactions. Meriin®? claims to have induced specific, posi- 
tive, intracutaneous tests in patients with chromoblastomycosis, using, as 
antigens, culture extracts of Fonsecaea Pedrosoi. Fonsecaea Pedrosot is also 
capable of inducing the production of specific complement-fixing antibodies. 
This property has been determined in infected human beings by Balifa 
et al. and Martin ef al.,2! and in experimentally inoculated animals by 
Conant and Martin.™ 

Response to Antibiotic and Chemical Agents. (1) Alcohol. Experiments 
subjecting Fonsecaea Pedrosoi to the action of ethyl alcohol in different con- 
centrations are being conducted in our laboratories. Although the observa- 
tions are not yet completed, it may be stated that 95 per cent alcohol is 
lethal to all the isolates in 3 minutes, and to most of them in one or two 
minutes. (2) Sulfonamides. Keeney e al.° observed that sodium sulfa- 
merazine produced a pronounced inhibiting action against Fonsecaea Pedro- 
soi. ‘The use of this drug in a few patients with chromoblastomycosis, how- 
ever, has not shown, so far, significant improvement. (3) Fatty acids. 
Keeney e/ al.*° have also studied the effect of fatty acids on the same group 
of fungi in vilro, and have found that certain salts of these acids, particularly 
sodium caprate and sodium undecylenate, possess striking fungistatic and 
fungicidal action against Ponsecaea Pedrosoi. In view of the toxicity of 
these salts for the albino mouse, these authors do not recommend the in- 
ternal administration of such salts in the treatment of the deep mycoses of 
man, until further animal experiments warrant their use. There is no 
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reason, however, why these new drugs should not be tried locally on the 
cutaneous lesions of chromoblastomycosis. (4) Penicillin. The sensitivity 
of Fonsecaea Pedrosoi to penicillin has been tested by Keeney ef a/.,°° as 
well as by Fleming and Queen,” with negative results in both cases. 

Host Range. Man is the only well-known natural host susceptible to 
infection with Fonsecaea Pedrosoi. It is possible that a spontaneous infec- 
tion noted by Carini® in the lungs and kidneys of a batrachian (Leplodactylus 
pentadactylus) was produced by this or a closely related fungus. Rudolph* 
observed in Brazilian cattle another disease similar to human chromo- 
blastomycosis, but no information is given regarding the true nature of the 
pathologic process. 

Many investigators have endeavored to produce artificial infection with 
Fonsecaea Pedrosoi. Takahashi (1937)? reported on the reproduction of 
typical lesions of chromoblastomycosis in the healthy skin of a patient who 
was suffering from the disease and also in a volunteer not previously infected, 
by inoculating a suspension of Fonsecaea Pedrosoi (Hormodendrum japont- 
cum) isolated from his patient. The induced lesions were consistent histo- 
pathologically with chromoblastomycosis and the etiologic fungus could be 
recovered in culture. 

Attempts to produce artificial infection have been carried out on eight 
different species of experimental animals, namely, rats, mice, rabbits, dogs, 
monkeys, guinea pigs, pigeons, and frogs. Successful infections have been 
claimed in all but the last two species mentioned. From the experiments so 
far reported, it would seem that, among the different animals tested, the rat 
and the mouse are the species more susceptible to infection with Fonsecaea 
Pedrosot, thatinfection may be effected by more than one route of inoculation 
and, finally, that the intraperitoneal, thesubcutaneous, and theintratesticular 
are the most adequate routes to produce infection. 

Infection in laboratory animals may be more or less limited in extent or 
it may be systemic, or even fatal, according to the method of inoculation. 
The lesions are nodular; variously sized, usually small; sometimes suppurat- 
ing; single, few or numerous; cutaneous, or internal (liver, lungs, kidneys, 
peritoneum, testicles); when cutaneous, sometimes verrucous. The histo- 
pathology represents a granulomatous type of tissue reaction similar to 
that noted in human lesions, with the infecting parasite constituting a 
prominent part of the picture. 

Taxonomy. Up to the present time, the species Fonsecaea Pedrosoi has 
shown no evidence of sexual reproduction and, consequently, it has its place 
among the Fungi Imperfecti. In view of the general morphology, sporulat- 
ing habits, and dark color of the parasite, it has been included in the order 
Moniliales, family Dematiaceae. Finally, the simultaneous occurrence, in 
this organism, of three types of sporulation, which correspond to the genera 
Hormodendrum, Phialophora, and Acrotheca, respectively, has led to the 
classification of the species in the new genus Fonsecaea Negroni, 1936,2° as 
emended by Carrién.'* 1° Fonsecaea Pedrosoi has been subdivided into the 
four varieties, typicus, Cladosporioides, Phialophorica, and communis. 

The generic position of the ‘‘Pedrosoi”’ group has been a much debated 
subject. Differences of opinion have arisen mainly from (a) the triple 
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sporulating ability of the fungus, (b) the outstanding and misleading pre- 
dominance of one of the sporulating types in each of the varieties typicus, 
Cladosportoides, and Phialophorica, and (c) failure to recognize the specific 
identity of these three varieties as established by the existence of inter- 
grading forms (variety communis), which link them together and preclude 
any subdivision of the group beyond the ranks of varieties. The classifica- 
tion of Pedrosoi as a Fonsecaea has been accepted here on the following 
basis: (1) Fonsecaea Negroni, 1936 emend.,8!’ is a legitimately created generic 
group including at least two well-differentiated species, namely, Pedrosot 
and compactum; (2) it admits, a priori, the simultaneous occurrence of the 


ACROTHECA 


VARIETY 
COMMUNI S 


tae, 
FONSECAEA PEDROSO! 


PHIALOPHORA 


Fricure 10. Diagram illustrating interrelations between the genus Fonsecaea_and other related form 
genera. The large triangle represents a species of Fonsecaea, namely, Pedrosoi. The included smaller tri- 
angles are varieties of that species, and the circles represent the three genera to which Pedrosot appears to be 
related, namely, Hormodendrum (Cladosporium), Acrotheca, and Phialophora. The arrows indicate sug- 
gested lines of evolution. Fonsecaea Pedrosoi, var. communis (center of triangle), possesses in conspicuous 
abundance the types of sporulation characteristic of the three genera above mentioned and, thus, would 
appear to represent their common origin. Different trends of evolution probably led to the development of 
the varieties Cladosporioides, typicus, and Phialophorica, each of which shows marked predominance of one 
of the types of sporulation, with equally marked reduction of the other two types. Further progress along 
the same line of evolution may have led to the differentiation of the three genera represented by circles, in 
which two of the sporulating types have disappeared completely, sporulation taking place, in each group, 


; by a single method. 


Hormodendrum, Acrotheca, and Phialophora methods of sporulation (FIGURE 
10) as noted in its constituent species; (3) it covers without strain the dif- 
ferent varieties of Pedrosoi; (4) it leaves out fungi that are exclusively 
Hormodendrum, Acrotheca, or Phialophora in type (FIGURE 10); (5) it 
recognizes the existence of a characteristic Fonsecaea method of sporulation 
which is present in all the known strains of the group (FIGURE 8), reaching 
its highest degree of development in Fonsecaea Pedrosoi typicus (FIGURES 
8a and 8b); (6) as a generic name, it is neither misleading nor confusing; and, 
finally, (7) Fonsecaea has already become extensively popular, as noted in a 
review of recent publications on chromoblastomycosis. 


In view of the fact that the species Pedrosoi isanimperfect fungus possess- 
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ing exceptional morphologic characters which link it closely to different form 
genera, it seems probable that differences of opinion regarding its generic 
position will continue to exist in the future. However, we believe that, with 
the broad concept of the genus Fonsecaea and the subdivision of Fonsecaea 
Pedrosoi into varieties, students in medical mycology will be able to work 
more effectively and lose less time in the classification of new or unknown 
isolates of this specific group. It should be understood that this taxonomic 
problem will not be definitely solved until the perfect phase of Fonsecaea 
Pedrosoi becomes known. 

Phialophora verrucosa, Medlar, 1915." Synonymy. Cadophora americana 
(Melin and Nannfeldt*®). 

Geographic Distribution. Phialophora verrucosa has been encountered in 
only six chromoblastomycotic infections. The majority of these infections 
occurred in continental United States, only two cases occurring abroad: 
one in Uruguay® (South America), and one in Algiers (North Africa). 
Although the small number of Phialophora infections does not warrant final 
conclusions regarding the geographic distribution of the fungus as yet, it 
is of interest to note that five of the isolations were made in temperate 
climates, while only one, the North African strain, corresponds to a tropical 
climate. 

Natural Habitat. Kress et al.,° who worked with material from the wood 
pulp industry in the United States and Canada, reported the isolation from 
this material of a dark-colored fungus which was first classed as Cadophora 
americana, but was later shown to be identical with Phialophora verrucosa 
by Conant and Martin. Thus Phialophora verrucosa has become an addi- 
tional member of the small group of pathogenic fungi so far discovered in 
their natural environment. 

Morphology in Pathologic Tissue. In parasitized cutaneous tissue, the 
fungus is indistinguishable from Fonsecaea Pedrosoi. 

Gross Morphology in Culture. Healthy colonies are produced in various 
laboratory media, with great variations in the rate of growth according to 
the individual isolate, cultures three weeks: old in dextrose agar ranging in 
diameter between 0.5 and 3.5 cm. Gross cultural characters are generally 
more evident between the sixth and eighth weeks of growth (FIGURE 11a). 
The cultures are roughly conical, measuring 3.5 to 6 cm. in diameter on the 
eighth week, with a summit elevation of 5 to 10mm. The surface is irregu- 
lar, the border festooned or indented, and the aerial mycelium is profuse, 
short, gray, dark olivaceous or dark brown, forming a velvety or feltlike 
growth. 

Microscopic Morphology in Culture. The microscopic characters are us- 
ually more conspicuous between the fourth and sixth weeks of growth. The 
vegetative hyphae are straight or cylindrical, branching, and septate, with 
articles 8 to 25 microns long by 2 to 6 microns in diameter, septation often 
closer, forming oidioid or moniliform mycelium; the cell walls are coarse 
and dark brown, with the cell membrane thin and hyaline; the protoplasm is 
yellowish-brown, finely granular, and contains refractile droplets; the nucleus 
is not apparent in fresh preparations but visible with hematoxylin stain. 
The conidiophores are either terminal or lateral (FIGURES 11b, 11c, and 11d) 
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and unicellular, measuring 5 to 12 by 2 to 3.8 microns, each conidiophore 
consisting of three parts: the base, largest of all, containing protoplasm and 
nucleus; a constricted portion, or neck; and a cup-shaped outlet, ranging in 
diameter, at the lip, from 1.1 to 4.7 microns, usually from 2 to 3. Asa rule, 
the neck and cup form the terminal portion of the conidiophore, which thus 
becomes flask-shaped; otherwise, cup and neck arise laterally from fertile 
hyphal article. The conidia are semiendogenous, produced singly and suc- 
cessively by budding through the neck into the cup, often numerously, over- 
flowing the cup and agglutinating to form spherical spore masses, loosely 
adherent to the cup (FIGURES 11b, 11c, and 11d). The conidial elements are 
oval, sometimes elongated. The surface is smooth, the wall thin and hyal- 
ine, measuring 0.8 to 2.8 by 1.4 to 7.8 microns, mostly 2 to 4 by 1 to 2. 
Chlamydospores resembling sclerotic cells are noted in tissue, sparsely pro- 
duced in artificial cultures. 


Ficure 11. Phialophora verrucosa: culture eight weeks old (a) developed at room temperature on Sabou- 
raud’s ‘milieu d’epreuve.’’ Note lateral and terminal phialides, and tendency of conidia to agglutinate at 
the opening of the conidiophore (b, c, and d). 


Biologic Characters and Reactions. Phialophora verrucosa thrives best on 
an acid substrate. The hydrogen ion concentration of the media used in 
cultural studies of this fungus ranges between 4.3 and 7. Its optimum 
temperature has not been precisely determined but the fungus is known to 
develop well at 37°C., and satisfactory cultures may be obtained at room 
temperature (24° to 33°C.). A temperature of 100°C. is lethal to the para- 
site in 15 minutes, while a temperature of 50°C. is well tolerated for at least 
one hour. The development of mycelium and sporulation in the depth of 
the substrate, especially in Czapek’s agar, indicates that the organism may 
grow toa certain extent at reduced oxygen tensions. 

Medlar” found that, in smears from cultures, the fungus elements would 
stain well, though diffusely, with all the routine bacteriologic stains, struc- 
tural details being more evident after staining with dilute methylene blue 
for 10 minutes or longer, followed by thorough washing in water. It is 
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stated that, in fresh preparations of the mycelium stained with hematoxylin, 
practically all the cells revealed the presence of a nucleus, and, in the case 
of conidia, the nucleus also becomes visible with eosin and methylene blue. 
Young fungus cells would be Gram positive, while the older structures would 
take the blue irregularly. 

According to Medlar,” Phialophora verrucosa would form no pellicle in 
litmus milk; the milk is not coagulated or peptonized and is gradually made 
alkaline. No indol is produced in Dunham’s peptone solution, the medium 
becoming dark brown to chocolate brown in old cultures. The fungus is 
a nonfermenter of sugars. 

Conant and Martin®+ demonstrated that the serum of a rabbit artificially 
immunized against Phialophora verrucosa possessed complement-fixing anti- 
bodies in high titer for this species and, in a lower titer, for the species 
Fonsecaea Pedrosoi. It was further shown that anti-Pedrosoi and anti- 
compactum rabbit sera, which produced intensely positive reactions with the 
respective homologous fungus antigens, would also react with Phialophora 
verrucosa in a comparatively lower titer. 

Taxonomy. The species Phialophora verrucosa has not shown a sexual 
phase of reproduction in laboratory cultures and should be classed, there- 
fore, among the Fungi Imperfecti. It is remarkable that the semiendoge- 
nous spores produced by this species resemble the spermatia noted in certain 
types of Ascomycetes. However, attempts to induce ascus formation by the 
pairing of different strains in laboratory cultures have not been successful 
(N. F. Conant, personal communication to the author). 

The production of conidiophores from superficial hyphae at any point on 
the surface of the thallus places this fungus in the third order of Saccardo’s 
classification, namely, the Hyphomycetales (Moniliales), while the dark color 
of the cultures sets it among the Dematiaceae. Since the conidia are 
dark and unicellular, the position of the fungus lies in the first division of 
this family, with the Phaeosporae. According to the method of conidial 
formation, it falls in the subdivision Chalareae. The species was placed 
in the new genus Phialophora Medlar,” at the suggestion of Thaxter, due to 
the agglutination of the conidia into sporangium-like masses at the mouths 
of the phialides. Finally, the specific name verrucosa was selected because 
the lesions produced by the fungus resemble those of tuberculosis verrucosa 
cutis. 

Fonsecaea compactum (Carrién) Carrién, 1940, comb. nov.8 Synonymy. 
Hormodendrum compactum (Carrién, 19357); Phialoconidiophora compac- 
tum (Moore and Almeida, 1936"); Phialophora compactum (Binford et al., 
1948%). 

Geographic Distribution. Up to the present time there are only two recog- 
nized representatives of the species Fonsecaea compactum. One of them is 
the fungus originally discovered in a case of chromoblastomycosis in Puerto 
Rico;"* the other was isolated recently from the skin lesions of a patient 
in the state of Tennessee (U. S. A.).* 


q Sti isolate was kindly sent to our laboratory by Dr. Norman F, Conant, of Duke University, North 
arolina, , 


‘ 
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M or phology in Pathologic Tissue. The morphology of this fungus in 
pathologic tissue (FIGURES 12a and 12b) is essentially similar to that already 
described for Fonsecaea Pedrosoi. 

Gross Morphology in Culture. Growth of the fungus is slow in all the 
usual laboratory media. On Sabouraud’s milieu @epreuve and 4 per cent 
glucose agar (FIGURES 12c and 12d), the fungus, when grown at room tem- 
perature, produces colonies that are roughly conical in shape, measuring 
about 2.5 cm. in diameter, with a summit elevation of approximately 6 mm. 
at the end of the sixth week. The center of the cultures forms an irregular 
mammillary prominence about which the colony slopes down unevenly 
toward a shallow marginal zone. The border is irregular and indented. 


12d 


FIGuRE 12. Fonsecaea compactum: (a) aggregate of fungus cells resembling sclerotium in the infected 


epidermal scales (note internal septation in some of the cells); (b) germination of fungus cells in the infected 
epidermal scales; (c) culture six weeks old developed at room temperature on Sabouraud’s ‘milieu d’epreuve’’; 


(d) culture six weeks old developed at room temperature on 4 per cent glucose agar. 


The aerial hyphae are tufted, forming a plush-like or velvety brownish- 
black growth. On Czapek’s agar the cultures are poorly developed, measur- 
ing 10 to 16 mm. at the end of the sixth week, with the mycelial growth 
chiefly in the substrate, the center of the col ony showing a scant brownish- 
black, powdery, aerial growth. 

Microscopic Morphology in Culture. Microscopic characters are usually 
more conspicuous after the third week of growth. Vegetative hyphae are 
long; coarse (2.5 to 5.2 microns); septate; branching, sometimes dichotom- 
ously; borders, usually irregular; cell walls, thick and dark; protoplasm 
olivaceous, granular, with refractile droplets; hyphal fusions, frequent; nu- 
cleus, not apparent in fresh preparations. ‘The sporulation is of three dif- 
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ferent types, all occasionally combined in the same spore head. (a) The 
Hormodendrum type, which predominates (eIGURES 13a, 13b, and 13e). It 
has fertile branches, erect or ascending, often arborescent, and with terminal 
cell (conidiophore) swollen, often flask-shaped and darker, having, at the 
tip, broad facets to which spores are united. Its conidia are produced in 
short and profusely branching chains, some of the branches growing basip- 
etally; the conidial elements are unicellular, spherical to subspherical, 
mostly barrel-shaped; the cell wall is smooth, coarse, and dark; the proto- 
plasm is olivaceous and granular; and the disjunctors are absent, each 


Ficure 13. Fonsecaea compactum, microscopi : 

TRI 7 oscopic morphology: (a) Hormodendrum type of ion; 
(b) gonidial head of Hormodendrum type with one of its conidia transformed into a pcan se Nis oe 
(c) soasecees type of sporulation; (d) Phialophora type of sporulation; (e) combination of the Phialophora 
an ormodendrum types of sporulation produced terminally on same hyphal structure. 


conidium being compactly linked to its immediate neighbors in the chain 
by broad articulating facets. The conidia are 2.5 to 4.8 by 2.5 to 3.8 
microns in size, basal elements 3.8 to 6 by 3 to 4.5 microns. (6) The site 
secaea type, which is not conspicuously abundant (FIGURE 13c). Its conidio- 
phores consist of an article, usually short, which is straight or irregular, more 
darkly pigmented than vegetative mycelium, disposed terminally laterally 
or intercalarily, and which is sometimes produced by Pnctome tine of the 
spore element in Hormodendrum spore head. The surface of conidiophore 
is irregular, due to the presence of broad facets to which spores are attached 
Its conidia, individually, are similar in morphology to terminal and apie 


Carrién: Chromoblastomycosis 1277 


terminal elements of Hormodendrum chains already described in type (a) 
but produced-acropleurogenously and singly (not catenate), forming clus- 
ters. Some clusters, however, show a tendency to chain formation, as in 
Hormodendrum. (c) The Phialophora type (FIGURES 13b, 13d, and 13e), 
aa is scant, and has a morphology similar to that of Phialophora verrucosa 
q.v.). 

Chlamydospores resembling ‘‘sclerotic cells” as noted in tissue, sparsely 
produced in culture. 

Biologic Reactions. Fonsecaea compactum requires an acid medium with a 
pH ranging between 5.5 and 6.5. Its optimum temperature has not been 
precisely determined, but it develops well at both room (25°C.) and incubator 
(37°C.) temperatures. A temperature of 100°C. is lethal to the parasite in 
15 minutes, while a temperature of 50°C. is well tolerated for at least one 
hour. Although growth is usually more abundant under aerobic conditions, 
the development of mycelia in the depth of the agar, especially in Czapek’s 
medium, indicates that this organism may grow at reduced oxygen tensions. 

Conant and Martin have demonstrated that Fonsecaea compactum is 
capable of inducing the production of specific complement-fixing antibodies 
in rabbits by actively immunizing the animals against this fungus. The 
serum of the immunized animals showed a positive cross reaction against 
Fonsecaea Pedrosoi. 

In a desiccated glucose agar culture of Fonsecaea compactum, which was 
kept in the laboratory under ordinary conditions, the fungus was found to 
be still viable after a period of over two years. 

Taxonomy. The species compactum has failed to reveal a sexual phase of 
reproduction in laboratory cultures, and should be classed, at least for the 
present, among the Fungi Imperfecti. The production of conidiophores 
from superficial hyphae at any point on the surface of the thallus places it 
in the third order of Saccardo’s classification, namely, the Hyphomycetales 
(Moniliales). Its familial position, as determined by the dark color of the 
mycelium and conidia, is among the Dematiaceae. It has been included in 
the genus Fonsecaea because it possesses the three types of sporulation 
characteristic of that genus, namely, the Hormodendrum, the Fonsecaea, 
and the Phialophora. The specific name compactum was given in considera- 
tion of the compact articulation of the spores in the Hormodendrum chains. 

Torula poikilospora. This fungus was isolated from purulent exudate and 
~ fragments of lesions in a case of chromoblastomycosis observed in Tokyo, 
Japan, and reported by Takahashi in 1937. 

According to the description of Takahashi, the characters of this parasite 
in pathologic tissue and its gross morphology in culture would be consistent 
with any of the species already described above. 

The microscopic morphology of the fungus may be summarized as fol- 
lows: vegetative hyphae straight, undulated, or bent at acute angles; 
cylindrical; profusely branched, some filaments showing multiple terminal 
branching; septate, with articles 3 to 25 microns long by 1.5 to 4.5 microns 
wide; protoplasm olive-green, older hyphae more deeply colored and con- 
taining variously shaped deposits of a black pigment. The fertile hyphae 
are undifferentiated. The arthrospores are developed at the tip and sides 
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of filaments, forming long, branching chains, the acrogenous chains being 
longer and more branched than the pleurogenous. The spores are firmly 
linked to immediate neighbors in the chain by broad articulations, and are 
olive-green, the older containing black pigment deposits. Some of the 
spores are spherical (2 to 9 microns in diameter) or oval (2.5 to-14 by 1.4 to 
8 microns), but most are irregular in shape (2 to 2.5 by 1.5 to 16 microns), 
the irregularity resulting from development of knob-like or short filiform 
appendages on the tip or on the side, never on the base, of the spore cell. 
These appendages sometimes produce a secondary element and often are 
separated from each other and from the mother spore by septation. 

Chlamydospores developed in old cultures, sometimes in chains; elements 
double-contoured, light brown to brownish-black; terminal or intercalary. 

In our fungus collection, two isolates from cases of chromoblastomycosis 
show essentially the same morphologic characters described by Takahashi 
for Torula poikilospora. Careful examination of these isolates in culture, 
however, have revealed, though sparsely, the types of sporulation charac- 
teristic of Fonsecaea Pedrosoi. Consequently, our two isolates have been 
classed in the Pedrosoi group. We have been unable to obtain a culture of 
Takahashi’s organism for comparative studies, but are inclined to believe 
that his isolate, like ours, is another variety of Fonsecaea Pedrosot. 

Hormodendrum Species. Chromoblastomycosis has been ascribed to au- 
thentic Hormodendrum species by Simson ef al.*? and O’Daly,*® respectively, 
in South Africa and Venezuela. From the descriptions given by Simson and 
O’Daly, as well as from preliminary studies of these fungi carried on in our 
laboratories, it is quite evident that the two isolates are very similar and 
that they are capable of sporulating by only one method, namely, the 
Hormodendrum. 

Hormiscium dermatitidis. This fungus was originally isolated from the 
lesions of a patient with chromoblastomycosis in Japan, and the fungus was 
described as a new pathogenic species by Kano in 1937.4 This author has 
reported the reproduction of a typical nodule of chromoblastomycosis on the 
healthy skin of his patient by inoculating, locally, a suspension of Hormis- 
cium dermatitidis. The histopathology of the nodule was similar to that of 
other lesions naturally developed on the patient’s skin. Experimental in- 
fections were also produced on mice, guinea pigs, and rabbits, the inoculum 
consisting of a suspension of the fungus grown in artificial cultures. 

The morphology of the parasite in pathologic tissue was essentially similar 
to that already described for other fungi causing chromoblastomycosis. 
Cultures six weeks old developed at room temperature on 4 per cent maltose 
agar, measured 8 mm. in diameter and were hemispherical in shape. They 
were coal black in color, with the surface finely granular and wrinkled and 
the substrate stained by black diffusible pigment. On 4 per cent grape 
sugar agar on mulberry, and on potato plugs, the growth was essentially 
similar to that on maltose agar. On peptone agar the growth was poor and, 
in glucose and maltose peptone water, loose floccular colonies developed at 
the bottom of the tube. 

The microscopic characters were relatively simple and constant in many 
laboratory media employed for the study of the fungus. Cultures four days 


Carrién: Chromoblastomycosis 1279 


old on ‘“glucose-peptone agar” developed at 30°C., showed “short chains of 
spherical, oval, rod-shaped, clavate, or swollen cells”; branching was definite, 
though rudimentary, dichotomous, sometimes trichotomous, and would take 
place at the tip or side of the-cell, often close to an intercellular septum. The 
cellular elements were of different sizes, the spherical forms measuring about 
10 microns in diameter, the others ranging from 3 to 5 microns in width by 5 
to 20 in length; the cell membrane was thick and dark, becoming double- 
contoured and more deeply pigmented with age; and some cells showed an 
internal septum perpendicular to the longitudinal axis. 

Large chlamydospores of “sclerotic” type were present in old cultures. 
Some of these chlamydospores showed internal septation in one or more 
plains; some showed constriction at the line of contact of the cell wall with 
the internal septum; and some produced daughter cells by lateral sprouting. 

The optimum temperature of the fungus appears to be between 20° and 
30°C. At 37°C. the development was very poor, and at 43°C. it was 
inhibited. 

Candida-like Species. This black, Candida-like fungus was repeatedly 
isolated by Berger ef al.** from the cutaneous lesions of a Canadian patient 
who had been suffering from papillomatous growths over a period of four- 
teen years. Histopathologically, the lesions presented the classical picture 
of chromoblastomycosis, although the fungus was smaller, more delicate, 
and distinctly budding. 

In the host tissues, the fungus appeared somewhat different in two series 
of biopsies done at different periods. In the earlier biopsies, the parasitic 
bodies were very abundant, rather small and delicate, and had fine mem- 
brane, some of them showing distinct budding, while others would form 
short, bead-like chains. In biopsies done at a later period, the fungus cells 
were not so abundant, but were coarser, thick-walled, irregular, devoid of 
budding, generally clustered, and often engulfed by giant cells. 

In his description of the fungus, as originally isolated, Berger reports: 
“Colonies on corn meal and hay infusion agar, Loeffler’s serum and ‘blood 
agar, remain small (3 to 4 mm.), and die soon on the two latter media, but 
are larger on glycerolated potato and carrot, and on Sabouraud’s agar (4 to 
7 mm.), and still larger on Lowenstein’s and Petragnani’s media (up to 
15 mm.). On Sabouraud’s agar, they are dark brown from the beginning, 
and half-spherical; on the other media they are coal-black; they are always 
~ moist, of creamy consistence and glossy....” “In potato water (Langeron 
and Talice), small, fluffy colonies rest on the bottom and the liquid contains 
a great number of single or budding yeast cells; there is no veil.” “Cul- 
tures made from a later biopsy (1944) yielded brown to black colonies 
which grew much more slowly, were rough and dry... .” 

Differences in microscopic morphology were likewise noted between the 
early and late isolations of the fungus. Berger states that cultures of the 
early isolations ‘‘at pH 7 are predominantly formed by yeast-like cells and 
of only a scant pseudomycelium; at lower pH’s, pseudomycelial branching 
filaments extend on the surface and into the underlying medium, and bear 
clusters of pseudoconidial blastospores; there are no aerial hyphae.” In 
cultures obtained from a later biopsy (1944), the ‘fundamental characters 
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are still yeast-like, but the cells are larger and thicker, often double-walled : 
outlines often irregular, and many elements show internal septations in 
different planes. The resulting multicellular structures become very com- 
plicated, and are made up of intricately intertwined, irregularly curved, 
and anastomosing, rather thick threads of clustered elements which grow 
in all directions.” These “. . . cells may contain one or more round lipoid 
inclusions....” They “may be considered” as “sclerotic cells and are 
obviously a variant of the initially yeast-like pseudomycelial fungus,” and 
“Tn hanging drop and slide cultures, many budding cells may be seen which 
remain attached to the mother cell, and form, by successive buddings, 
moniliform strands of various lengths; the latter become pseudomycelial 
through elongation of the individual elements. Apical blastospores appear 
and give in turn rise to pseudomycelial threads, but the branches are few 
and the resulting arborization is, therefore, rather simple. Some blasto- 
spores show intensive budding of many small conidia-like blastospores, 
which form soon more or less large clusters of easily detached cells. There 
is no trace whatsoever of conidiophores or of any other specialized appa- 
ratus of sporulation, although many colonies were kept alive for over two 


eareve 
‘ Berger’s organism grows equally well at room and incubator tempera- 
tures; it does not grow in the depth of agar stabs. At pH 7, its morphology 
resembles that of the yeast, and at lower pH’s, the cultures become 
filamentous. 

The fungus does not liquefy gelatin and has no action on milk. It acidi- 
fies agar media containing glucose, fructose, mannose, galactose, cellobiose, 
and xylose respectively, but there is no gas formation in the corresponding 
liquid sugar media. 
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HISTOPLASMOSIS AND PULMONARY CALCIFICATION* 


_By Amos Christie 
Department of Pediatrics, Vanderbilt University School of Medicine, Nashville, Tennessee. 


Over the years, the pediatrician and the radiologist have come to recog- 
nize that there are no pathognomonic changes of primary tuberculous 
infection in the chest roentgenogram. It can be stated unequivocally, 
however, that changes, when interpreted in view of the tuberculin test, 
size, extent, and location of the shadows, represent our best and most 
practical means for an accurate diagnosis of primary pulmonary childhood 
tuberculosis. Without these two diagnostic procedures, the pediatrician 
would be helpless in the differentiation of childhood tuberculosis from 
other conditions causing infiltration, exudation, and calcification. This is ‘ 
probably why he has been on the defensive in recent years, when it became 
apparent in everyday practice and particularly from mass Roentgen surveys 
that many children were shown to have massive and multiple calcification 
usually attributed to tuberculosis, though a considerable number of these 
were negative to large doses of old tuberculin. 

The problem can be stated in another way. It has been considered 
generally by our colleagues in pathology that calcification in the lungs, 
the thoracic lymphatic channels, and the mediastinal gland structures is 
due almost invariably to tuberculosis. At the same time, most pediatri- 
cians and immunologists believe that tuberculin sensitivity is a relatively 
stable phenomenon. One of these views must be in error. This can be 
seen by the fact that in the past twenty years there have appeared in the 
literature at least twelve reports which show a consistent discrepancy be- 
tween the tuberculin tests and the prevalence of pulmonary calcification. 
In these papers, summarized in our earlier reports,! 27 to 83 per cent of 
young individuals were found to have pulmonary calcification, a phenome- 
non generally accepted as indicative of tuberculosis. Yet, in each study, 
one-half or less of the individuals were found to have positive tuberculin 
tests. These reports, with few exceptions, were the outcome of studies of 
young people living in states bordering the Mississippi River and the 
states of the Western Appalachian slope. 

While anergy or loss of sensitivity to tuberculin from complete healing 
‘of the tuberculous process may be an acceptable explanation in some cases, 
we do not believe that this can explain the marked prevalence of pulmonary 
calcification in this area. We were challenged to investigate other pos- 
sible causes for these findings. 

Theory Behind Histoplasmosis as a Cause of C alcification. Histoplasmosis 
in a previously unrecognized benign form was not too remote as a possible 
explanation for some of this calcification. This infectious disease caused 
by the fungus Histoplasma capsulatum occurs in all age groups and, from 


* The author is indebted to Doctor Ernest Goodpasture, Professor of Pathology, Vanderbilt Univer- 
sity School of Medicine, for permission to include the autopsy findings herein reported and to Dr. James 
Dawson, who selected the sections and assisted in making the photomicrographs. This also gives me an 
opportunity to express publicly my thanks to my associate, Doctor J. Cyril Peterson, for his loyal assist- 
ance and cooperation throughout all of these studies. 
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all reports, was uniformly fatal. This in itself struck us as being unusual. 
It can be of acute or chronic nature. No benign forms had been described. 
While it is of world-wide distribution, more than half of the reported cases 
have occurred in states which correspond to the area of benign calcification 
in nontuberculin reactors just discussed. It is due to a fungus which occurs 
in tissues in the yeast forms and ordinarily grows on culture media in the 
mycelial form. Demonstration of the fungus etiology of the disease was 
first obtained bythe epochal cultural and transmission experiments of 
DeMonbreum? at Vanderbilt University Medical School. The organism 
produces lesions which simulate many common diseases. It produces ul- 
ceration ofthe mucosa and miliary lesions with caseous necrosis and 
granulomata which closely resemble tuberculosis. This variety of clinical 
manifestations makes it seem quite possible that benign forms may exist 
and that the clinical picture might be one such as described in coccidioido- 
mycosis, with its primary complex going on to calcification much as in 
tuberculosis. 

It had been previously shown by Cox and Smith’ in 1939, and later by 
Aronson! in 1942, and it is generally recognized in the West that coccidi- 
oidomycosis produces a primary complex which goes on to produce 
calcification quite indistinguishable from that laid down by tuberculosis. 
Prior to these descriptions of benign form, Coccidioides granuloma was in 
somewhat the same state as histoplasmosis. It was almost uniformly fatal. 
Smith,® in 1943, postulated that the area of pulmonary calcification in 
nontuberculin reactors was also the endemic area of histoplasmosis. In- 
fectiotr with H. capsulatum, a fungus closely related biologically to Coccidt- 
oides immitis, might result in previously unrecognized benign forms of 
infection and the development of the calcifications described. These 
were the reasons behind our suspecting a benign form of histoplasmosis 
as a cause of our unexplained calcifications. 

Preliminary Clinical and Pathological Evidence to Support This Thesis. 
In January 1944, a five-month old infant, suspected of having leukemia, 
was brought to Vanderbilt University Hospital. Subsequent studies proved 
that he had a miliary histoplasmosis. His blood cultures yielded as high 
as 3,000 fungus colonies per milliliter. This child and his parents reacted 
to histoplasmin: an extract of a culture of Histoplasma capsulatum which 
we had prepared. 

Following this incident, we began to test all the children admitted to the 
pediatric ward with the same lot of histoplasmin and with coccidioidin. 
After approximately 125 children had been tested with both antigens, an 
analysis revealed that 23 per cent of the children reacted to histoplasmin, 
while only a few reacted, but equivocally, to coccidioidin. Though there 
were several very young children who had positive reactions, we were 
unable in any of them to obtain a history of an illness which might have 
caused the development of sensitivity. 

Members of the pediatric house staff and medical student body who had 

lived all their lives in Kentucky, Tennessee, and Missouri reacted strongly 
to the antigen, while, conversely, other members who had recently arrived 
from California, Maryland, and New York did not react. 
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As a result of these preliminary skin tests with histoplasmin it seemed 
apparent: (1) that the response to the skin test was the result either of pre- 
vious infection with H. capsulatum or of infection with some other fungus 
having a common or closely Telated antigen; (2) that infection with this 
unknown fungus was much more common than could be explained on the 
basis of any clinically known fungus infection, including the dermato- 
mycoses; (3) that infection must at times be almost symptomless. 

The Infection: Histoplasmosis. The literature has been filled with case 
reports of clinically recognizable histoplasmosis, starting with the cases 
of Darling® in 1906 and culminating with the reviews of Meleney’ and of 
Parsons and Zarafonetis,® and new cases are being recognized continually. 
Certainly increasing knowledge of the disease has resulted in increasing 
diagnoses, to the point where it is no longer an extremely rare disease. 
While less than a hundred cases have been reported, it is safe to say that 
more are being recognized than are reported. 

The clinical manifestations of the severe infections are protean. These 
may be epitomized by saying that there is irregular low-grade fever, hepato- 
megaly, and splenomegaly with anemia and leucopenia. There may be 

_ general glandular enlargement and frequently there are symptoms of pul- 
monary infection: pleural pain, cough, and expectoration. Many patients 
have had symptoms referable to ulcerative lesions of the gastrointestinal 
tract, including the mouth and oropharynx and genitalia. Destructive 
bone lesions occur. The duration of the disease in these patients is from 
a few weeks to as long as 15 to 20 years, and, in the great majority, the 
infection has been considered ultimately fatal. The diagnosis in these 
cases can usually be established by adequate cultural techniques and/or 
the examination of biopsy material, lymph nodes, and sternal marrow. 

It is perhaps significant that 18 cases of proven histoplasmosis have been 
recognized at Vanderbilt Hospital (as of January, 1948) and that tissues 
from a half dozen other cases, culled from a group of nonspecific granulo- 
matous lesions and from tuberculin negative cases with morphological di- 
agnoses of hilar tuberculosis, are highly suspicious. While these cases are 
of great academic interest, they are, from our viewpoint, much less impor- 
tant than those patients who have minimal, nonfatal, almost nonsympto- 
matic infections. 

Since the relationship of pulmonary calcifications to histoplasmin sensi- 
~ tivity was first pointed out, we, and others, have been engaged in a search 
for minimal infections. In this problem one is faced with the same diffi- 
culty that would be encountered, after 65 years of extensive investigations, 
in attempting to prove bacteriologically the existence of minimal primary 
tuberculosis. In fact, we have found that an additional number of tech- 
~ nical difficulties arise which make the solution of the problem a tedious 

labor. 
There follows a series of cases which we believe represent the benign 
or minimal form of the disease. 
Case 1. A well-developed and nourished ten-month old infant with 
bilateral subdural hematomata died from the hyperpyrexia following 
an attempt at excision of the membrane. In the lower lobe of each lung 
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there was a small 3-4 mm. calcified nodule and the hilar lymph nodes 
were slightly enlarged, though free from caseation. Microscopic sec- 
tions of the nodes and pulmonary granulomatous lesions failed to show 
tubercle bacilli but did show tubercle-like focal granulomatous lesions 
from which H. capsulatum was cultured. 

Case 2. A three-month old female infant was admitted to the Van- 
derbilt Hospital with convulsions, bulging fontanelle, and signs of menin- 
geal irritation. The family history was negative for tuberculosis. A 
spinal puncture revealed pneumococci and, in spite of adequate support- 


Ficure 1. Liver (X 300). Granulomatous Lesion (Case 1). 


ive and specific treatment with chemotherapeutic and antibiotic agents 
she died. ‘ ; 

The tissues and guinea pig inoculation were negative for acid-fast 
organisms. The lungs and spleen showed many chronic granulomatous 
lesions with evidence of healing. H. capsulatum was cultured from the 
pulmonary lesions. 

Case 3. A male infant, age eight months, was admitted to Vanderbilt 
Hospital for hydrocephalus associated with a meningocele. The family 
history was negative for tuberculosis. During a spinal puncture for 


purposes of decompression of the increased intracranial pressure the 
infant suddenly expired. 


Ficure 2. Lung (X 375). Showing a tubercle-like focal granulomatous lesion (Case 1). 
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Ficure 3. Lung (X 120). Showing tubercle-like focal granulomatous lesions (Case 1). 
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These sections were negative for acid-fast organisms. They did show 
a focal or interstitial pneumonitis, and the yeast forms of H. capsulatum 


Ficure 5. Tubercle-like focal gr: : eee . é ; 
dileured (Case 2): e focal granulomatous lesion in lung (X 120), from which H. Capsulatum was 


oe mononuclear cells could be demonstrated. These were easily 
ound in the edge of tl -like lesi S 
ge of the tubercle-like lesions seen throughout the lung. 
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Ficure 7. Lung (X 120) showing focal pneumonitis (Case 3). 


We have recently cultured H. capsulatum from a hyperplastic mediastinal 
node with some central caseation recovered at autopsy from an infant who 
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died a postoperative death from congenital biliary atresia. We have also 
found H. capsulatum in biopsy material of two cases of chronic cervical 
adenitis. These cases will be reported in detail in a subsequent publication 
now in preparation. 

While this work is still in a preliminary phase, it gives excellent promise 
of establishing satisfactory biological proof of the existence of minimal 
infections. Surely the repetition of these findings has reached a propor- 
tion where they could not all be early disseminating cases. These, then, 
we believe, are cases of minimal or benign histoplasmosis proven both 
histologically and culturally. 


Ficure 8. Yeast cells in mononuclear phagocytes of lymph node (X 590) (Case 3). 


We have been trying to culture the organism from sputum or gastric wash- 
ings. In tissues, H. capsulatum yeast cells are found almost entirely intra- 
cellularly and may multiply chiefly if not exclusively within the cells. 
Thus, unless the lesion goes on to caseation and ulceration, one cannot 
expect the release of organisms; and the sputum or gastric washings would 
be negative. This expectation has been confirmed in several ways. We 
have been unable to demonstrate or cultivate the organisms from the 
sputum in a single case with a fatal miliary infection and have failed, in 
other instances of what seemed to be almost certain infections, to show 
organisms in the sputum and/or gastric washings. . 

Early attempts to cultivate the organisms from autopsy materials in vitro 
and by passage through experimental animals were unsuccessful—the 
first because of the invariable contaminants; the second because the or- 
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ganism either was often of such low virulence or was no longer viable to 
the extent of producing infection, because of the action of the tissues. 
Recently, my associates® ” at Vanderbilt University School of Medicine 
succeeded in cultivating the organisms from the lung and lymph node 
lesions of minimal cases, such as I have shown here. 

It is our thesis, therefore, that infection with H. capsulatum, like Coccidi- 
oides immitis or the tubercle bacillus, can result in overwhelming infec- 
tion with dissemination and fatal outcome. Depending on the resistance 
of the host, the virulence of the organisms, or other unknown factors, the 
organisms are rendered nonviable or phagocytized, as seen in one of the 
cases shown. Giant cell formation around the liberated lipid substances 
is followed by caseous necrosis with healing and calcification. We have 
seen calcification in a four-month-old infant who died of disseminated histo- 
plasmosis. During these later states, it will be unlikely that the organisms 
are viable, and we should not expect to be able to get positive cultures. 
We feel that the focal, interstitial, or atypical pneumonitis cases of early 
life will be more fruitful for finding the organisms culturally or in tissues. 
This correlates with the age distribution for the development of sensitivity 
to the skin test material which we have shown before.!: > 2 

Histoplasmin Sensitivity and Pulmonary Calcification. In the five years 
since the relationship of histoplasmin sensitivity to pulmonary calcification 
was first shown, the aroused interest has resulted in the publication of a 
considerable number of papers on the subject. Also, considerable effort 
has been expended in attempts to demonstrate a benign type of infection 
with Histoplasma capsulatum. We will now attempt to review what we 
think is significant of this material and to discuss the specificity of the 
antigen. 

General Considerations. Preliminary studies with histoplasmin tests by 
members of the Department of Pediatrics at Vanderbilt University in 
1945 showed that histoplasmin sensitivity was not uncommon and that 
such sensitivity was sometimes associated with pulmonary calcifications 
not attributable to tuberculosis. Palmer, studying nurse cadets, was 
able to show a high degree of correlation between pulmonary calcification 
and histoplasmin sensitivity. He showed that, while only 25 per cent of 
the group as a whole reacted to histoplasmin, 85 per cent of those with 
pulmonary calcification reacted to this antigen. Our studies!) ¥» ? 
have likewise shown that 87 per cent of Tennessee residents with calcifica- 
tion react to histoplasmin, though such sensitivity is only half that common 
in those not having calcifications. Only 18.8 per cent of those with cal- 
cifications react to tuberculin, while 18.6 per cent of the group as a whole 
react to this antigen. 

On the other hand, Olsen, Bell, and Emmons,” in a study of the residents 
of Loudoun County, Virginia, were unable to find a positive association 
between a reaction to histoplasmin or tuberculin and the presence of pul- 
monary calcification, though there was a correlation between residence in 
a tuberculous household and the presence of pulmonary calcification. 

Waring and Gregg,!> using our histoplasmin, made a study of children 
in Charleston, South Carolina. They found only eight children with pul- 
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monary calcification and a negative reaction to tuberculin in a group of 
349 children. Of the eight, five, or 62 per cent, reacted to histoplasmin, 
though they found positive histoplasmin reactions in that area in only two 
of 121 random tests, or 1.6 per cent. It is of further interest that the five 
histoplasmin reactors, among the eight with pulmonary calcification and 
negative tuberculin tests, either were natives of areas of high incidence of 
histoplasmin sensitivity or had made extended visits to such areas. 

McWeeney, Crowe, and Dunleavy,'* in a study of 320 Irish children, 
found no calcifications in 191 tuberculin negative children, nor did they 
find a single reactor to the histoplasmin which we supplied in the 320 chil- 
dren studied. 

Alman and Opinsky” found 16 reactors to histoplasmin in 441 children 
from the District of Columbia area. Of these reactors, thirteen, or 81 
per cent, had pulmonary calcifications. They do not, unfortunately, give 
the prevalence of such lesions in the group as a whole. 

These studies, in general, show that pulmonary calcifications in certain 
localities are statistically related to histoplasmin sensitivity, and that pul- 
monary calcifications are much more prevalent in communities where histo- 
plasmin sensitivity is highly prevalent. 

Specificity of the Antigen. Any conclusion based on skin testing inevi- 
tably brings up the question of specificity of the antigen. The recent 
studies of Emmons, Olsen, and Ethridge’® have cast considerable doubt 
upon the specificity of the histoplasmin test. From these observations in 
animals and in older age groups, one might say that histoplasmin gave fre- 
quent nonspecific reactions; that it may well serve as an index of sensitiza- 
tion to various other fungi. We have from our earliest studies thought 
that such a situation might exist; that the histoplasmin sensitivity might 
be indicative of more than H. capsulatum infection, and that it might be 
indicative of sensitization by H. capsulatum and also by other agents having 
an antigenic complex closely related to that of H. capsulatum. 

The studies of Emmons just mentioned showed that there was a marked 
degree of cross-reactions with histoplasmin in heterologous fungus infec- 
tions. He has, accordingly (and quite logically), cast doubt on the ques- 
tion of histoplasmosis being responsible for the pulmonary calcifications 
observed. Also, he and his associates were unable in the survey of Loudoun 
County, Virginia, to find any evidence for the existence of a mild form of 
histoplasmosis. Howell,’ however, in a recent study, has shown that 
different lots of histoplasmin vary markedly in their critical titers, a phe- 
nomenon which we have observed. He also showed that good antigens 
used at their critical titers yielded very few cross-reactions with heterologous 
fungus infections. These studies serve to emphasize the need for improving 
and standardizing histoplasmin preparations. 

Yet our studies yield information which makes it seem quite certain 
that the reactions observed are truly specific allergic phenomena rather 
than reactions to nonspecific irritants contained in the preparation. The 
following points seem of importance in respect to this. (1) The broth, while 
containing foreign proteins, does not cause reactions with appreciable 
frequency toamounts of 0.001 cc. (2) Animals infected with H. capsulatum 
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give positive reactions but controls do not react. (3) Pilot studies" in 281 
persons with coccidioidin and in 437 persons with haplosporangin, while 
yielding many positive reactors to histoplasmin, failed to yield a single | 
definite reactor either to coccidioidin or to haplosporangin. It would seem 
that, while there might be cross-sensitivity in experimental animals, these 
two fungi are not responsible for much of our problem in the area described 
above. We are accumulating evidence that the same can be said for 
blastomycin. (4) The question of Oidiwm albicans has been suggested by 
Doctor Emmons and others as a possible explanation for some of our 
sensitivity to histoplasmin. The failure to find many young infants sensi- 
tive to histoplasmin would make it seem very unlikely that infection with 
the thrush organisms can be of real significance in relation to histoplasmin 
sensitivity. Oral thrush is a common infection of infants in this section 
and would, if it produced cross-sensitivity reactions, be likely to yield a 
high percentage of infantile reactors. Furthermore, thrush is not a com- 
monly recognized infection in the older age group where we commonly 
find histoplasmin sensitivity. (5) Age distribution. The pattern of age 
response is such as one would expect from a widely disseminated infectious 
agent.!? Infants are generally insensitive. The only positive reaction we 
have encountered in a child less than six months of age was in an infant 
dying with proven histoplasmosis, and we have seen only one other positive 
reaction in an infant less than a year of age. The rapid increase in sensi- 
tization in the next few years is certainly not correlated with any particu- 
larly developmental achievement. It is rather like the development of 
Schick negativeness in the nonimmunized urban groups, a phenomenon no 
longer generally believed to be due to natural development but generally 
attributed to immunization resulting from subclinical infections. (6) The 
geographic distribution of histoplasmin sensitivity offers strong support for 
the supposition that the reaction is a response to an infectious process. 
Geographical variations in the prevalence of pulmonary calcifications have 
been shown by a number of investigators, most strikingly by Long and 
Stearns.2° They showed that Army inductees from the Western Appalachian 
slope and the bordering states west of the Mississippi and north of the Ohio 
River showed a greater prevalence of pulmonary calcifications than those 
from other areas. The studies of Palmer™ and our studies’: ” have shown 
that histoplasmin sensitivity is much more prevalent in this area of excessive 

-~pulmonary calcifications. The contrasting study of Waring and Gregg’® 
seems of great significance in this respect. They found pulmonary calcifica- 
tion in only 3.4 per cent of their school children in an area where the index 
of histoplasmin sensitivity was low, as contrasted with over 40 per cent in 
the group reported by Olsen, Bell, and Emmons," 55 per cent in our study 

_~ groups, and 12.7 per cent in the group studied by Furculow, High, and 
Allen,2! the latter groups being from areas of high prevalence of histo- 
plasmin sensitivity. 

We believe that these studies clearly indicate an intimate relationship 
between pulmonary calcification and histoplasmin sensitivity in the areas 
where such sensitivity is highly prevalent. and 

Histoplasmin sensitivity prevalence has been shown in the foregoing to 
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vary greatly with geographical areas. We can also add that, in addition 
to the absence of reactors in Ireland,!* none of several hundred individuals 
living in Holland reacted to histoplasmin; there were no clear-cut positive 
reactions in more than a hundred persons tested in Curacao; and positive 
tests are encountered very infrequently in children in New York City, 
Buffalo and Rochester, New York, in Detroit, in New Orleans, and in 
San Francisco”. 

It has also been observed in Tennessee that sensitivity to histoplasmin 
is more prevalent in areas adjacent to streams and other areas of dampness 
than it is on high dry ridges.” 


PERCENT SHOWING THE REACTION 


AGE IN YEARS «I S 10 15 20 25 30 35 
NO. SKIN TESTED 5262 134 165 304 358 279 NS 
NO. X-RAYED 26 87 238 358 279 Ws 


Ficure 9, Age relationship in the development of histoplasm in sensitivity, pulmonary calcification, 
and tuberculin sensitivity. 


From these studies it is apparent that the question of histoplasmin 
sensitivity and its relationship to pulmonary calcifications is one which 
may be of great importance in one locality and of no importance in another; 
and also that some factors of climate and physical geography must be of 
great significance in the epidemiology of histoplasmin sensitivity. 

Our studies” show that there is a wide variation in the prevalence of 
sensitivity from one area to another within the state of Tennessee and in 
neighboring states. Indeed, the extensive studies reported by Palmer™ 
and by Prior and Allen?> showed that there was a similar variability in 
other states. 7 
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Furthermore, the wide variation in sensitivity observed in our studies 
in students from different states shows that the variation is in relation to 
a fairly definite geographic focus and is suggestive of an infectious agent 
existing commonly in an area where climatic factors favor its propagation. 


“Viphe 30 0 


HMM 55 AND ovER PER GENT 
30-54.9 PER CENT 


UNDER 30 PER CENT PERCENTAGE POSITIVE 
(__] LESS THAN (0 EXAMINED FOR ENTIRE GROUP 57.4 


Ficure 10. Distribution by state of residence of percentage of persons, examined at Vanderbilt Uni- 
versity in 1945, reacting to histoplasmin. 
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PBB) 20 400 over per cent 
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WU 65-799 PER CENT STATE 79.6 
[YZ] s0-ea9 PER CENT 


UNDER 50 PER CENT 
FicureE 11. Percentage of persons examined at Vanderbilt University and Tennessee Industrial School 
reacting to histoplasmin, by county of residence, 1945. 


Indeed, throughout these studies, wherever histoplasmin sensitivity is high, 
pulmonary calcification is also high. A similar relationship has been recog- 
nized in the problem of coccidioidomycosis, an infection in which sharply 
delimited foci of propagation and infection have been demonstrated. 
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None of these studies prove a direct causal relationship between pul- 
monary calcifications, histoplasmin sensitivity, and the disease, histo- 
plasmosis. The histoplasmin sensitivity may be merely an index of the 
over-all problem of pulmonary and systemic mycotic infections. It may 


35.14% 25.6 
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FicureE 12. Distribution by state of residence of percentage of persons, examined at Vanderbilt Uni- 
versity in 1945, found to have calcification. 
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Ficure 13. Percentage of persons examined at Vanderbilt University and Tennessee Industrial School 
found to have calcification by county of residence, 1945. 


explain only a segment of our problem of pulmonary calcification in non- 
reactors to tuberculin. Further studies of cross-sensitivity among fungus 
antigens and infections are needed. Further study to establish the exact 
etiologic agent or agents responsible for the histoplasmin sensitivity and 
pulmonary calcifications is imperative. My associates, Doctor Peterson 
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and Doctor McVickar, and I are engaged in these studies at the present 

time.* 

Another approach to the solution of the problem of the minimal infec- 
tion has been the study of pulmonary roentgenograms in children who 
have recently developed histoplasmin sensitivity. Infants being followed 

in well-baby clinics are given repeated histoplasmin tests and as sensitivity 
develops roentgenograms are made. In a number of these infants, we 
have been able to show pulmonary lesions which were not giving rise to 
significant symptoms. These infants have not been followed long enough 
to deterraine whether these lesions go on to calcification. In two instances, 
we have observed hilar lymphadenopathy of a degree sufficient to produce 
atelectasis and cough in young children who were repeatedly tuberculin 
negative and who had strongly positive histoplasmin tests. 

We believe that these cases represent minimal infections with a fungus 
capable of producing histoplasmin sensitivity and which is presumably 
histoplasmosis in a benign form. 

Discussion and Summary. ‘These findings seem to have definite signifi- 
cance from the viewpoint of the interpretations of the mass roentgeno- 
graphic studies now being made and contemplated. It seems quite certain 
that in states bordering the western bank of the Mississippi River and the 
states of the Western Appalachian slope a large part of the pulmonary 
calcifications are due to some infection other than tuberculosis. It seems 
that, while this relationship is most striking in the area outlined above, 
it is not confined to this area but has a much wider application. 

If these studies have no other value, they do serve to reinstitute and 
re-emphasize the necessity of employing either tuberculin tests or the 
demonstration of tubercle bacilli in establishing the diagnosis of tuberculosis 
in minimal and noncavitated pulmonary lesions and in the healing lesions 
with pulmonary calcifications. Present-day concepts of the primary com- 
plex, or first infection tuberculosis, in its relationships to pulmonary cal- 
cification, need re-evaluation. The same may be true of reinfection tu- 
berculosis. 

Conclusions. (1) The problem of pulmonary calcification in tuberculin 
negative individuals has been reviewed. (2) The available epidemiological 
evidence and experience with histoplasmin skin tests to support this thesis 
have been reviewed and evaluated. (3) The significant clinical and patho- 

logical evidence suggesting that benign forms of histoplasmosis may be 

responsible for a segment of this previously unexplained calcification is 
presented. The significance of these observations has been stated. 
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CRYPTOCOCCOSIS AND BLASTOMYCOSIS 


By Rhoda W. Benham 


Department of Dermatology, College of Physicians and Surgeons, Columbia University, 


New York, N. Y 


The two diseases which form the title of this report were described for 
the first time in 1894: one from Europe, the other from the United States. 
These two, with a number of other distinct diseases, did in the past and in 
some cases still do appear in the literature under the name “‘blastomycosis.”’ 
The resulting chaos in terminology has been difficult to overcome. It 
originated with the practice of referring to organisms reproducing by buds 
or blastospores as ‘‘Blastomycetes,’”’ and the conditions in which they oc- 
curred as ‘‘blastomycosis.” Since the etiological agent in many different 
deep-seated fungus infections appears in the tissues or exudate from the 
lesions in the form of oval or rounded budding cells, they were often erro- 
neously described as blastomycosis. Cultures proved, however, that a 
number of different fungi were involved and that a number of distinct 
diseases had been described under one name. Some workers went so far 
as to suggest that blastomycosis was a disease entity due to a plurality of 
species. Castellani,! for one, stated in 1920 that ‘‘Blastomycosis is a term 
generally applied to affections due to fungi of the genera Saccharomyces, 
Cryptococcus, Monilia, Oidium, and Coccidioides.” 

As a result, then, of cultural studies and of a careful consideration of the 
characteristic appearance of the fungus in the parasitic state, we now have 
a number of deep-seated fungus infections described under their respective 
names, and the term blastomycosis has become more limited in scope. 
The general practice is to restrict its use to the disease first described as 
such, namely, that of Gilchrist. Although Castellani’ and Conant* have 
pointed out that the name is not suitable, neither advises dropping eb Ble 
has come to stand for a definite entity in medical mycological literature 
and has not much significance otherwise. 

History shows us that the name Blastomyces was first given by Constantin 
and Rolland! (1888) to a fungus which they isolated from dung and de- 
scribed as a new species. It is a filamentous, branched form with conidia 
at the ends of short branches. These conidia or buds, as these authors 


“called them, in turn produce so-called secondary buds at many points, and 


these, still others, until each fruiting branch transforms itself into a powdery 
spore mass. This fruiting mass is yellow to sulphur color, passing to red- 
orange and sometimes green. Only one species is known, Flastomyces 
luteus. This is listed as being in the collection at Baarn, but I have not 


- as yet obtained a subculture. Just what it is would be anyone’s guess, 


but, in the illustrations, the conidia are not unlike those of some of the 
gymnoascus forms, or of some of the dermatophytes. Certainly it is not 
a yeast-like fungus. In Clements and Shear’s® key to Saccardo’s classi- 
fication we find it defined as follows: “Hyphae elongated and distinct from 
conidia. Conidia bearing hyphae of two sorts, the upright alone 
denticulate.”’ 
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Just where or how the term Blastomyces entered the literature to desig- 
nate those forms reproducing by a process of budding or by blastospores 
is not quite clear, but Gilchrist and Stokes® appear to have been the first 
to use it in the medical literature, when they gave the name ‘‘Blastomyces 
dermatitidis’” to the fungus and the name ‘“‘Blastomycetic dermatitis” to the 
cutaneous disease which they described. The fact that rounded, budding 
cells were noted in both their case and the European case described by Busse 
and Buschke led then to their both being called “‘blastomycosis.”” We now 
know, and it has been pointed out many times, that the organisms are quite 
different. The Blastomyces of Gilchrist is a hyphomycete, and the other 
a yeast-like fungus. The latter and Candida albicans are the only proven 
yeast-like pathogens. One would think that with the numerous publica- 
tions on the subject, the fact that these fungi are quite distinct and different 
from Blastomyces dermatitidis would now be very clear. However, in a 
recently published text, ‘““The Fungi,’” which appeared in two volumes, 
only a part of a page is given over to the discussion of these two diseases, 
and that under the heading Cryptococcus histolyticus. We will quote the 
final sentence of this brief discussion: ‘‘A generalized blastomycosis, mani- 
fest as cutaneous abscesses, is caused by the closely related Blastomyces 
dermatitidis, also known as Gilchristia dermatitidis or Zymonema der- 
matitidis.” This sentence alone would seem to justify repeating these 
well-known facts. Evidently, it is necessary to emphasize again that these 
diseases are distinct and due to entirely different fungi, and that we should 
no longer use the term blastomycosis in speaking of Busse and Buschke’s 
disease. It is due to a yeast-like fungus which reproduces by budding, 
does not form mycelium or ascospores, and which therefore belongs to the 
group of the cryptococci. The disease which it causes should be called 
““cryptococcosis.”’ 

There follows a discussion of these diseases in detail, with brief mention 
of the clinical and pathological aspects and stress laid on the laboratory 
diagnosis and the specific fungus involved in each case. 


Cryptococcosis 


History. The first description of this infection, according to Freeman,$ 
was that of Zenker® (1861). There seems, however, some doubt about the 
validity of his case, as there was no culture, and the honor of first describing 
the disease usually goes to Busse!? and Buschke.!! Their case, however, 
differed somewhat from those that followed, as it was one of the rare cases 
with cutaneous manifestations. The patient, a woman, had an abscess 
of the tibia from which was obtained a thick, gelatinous exudate in which 
the yeast-like organisms were noted. The fungus was obtained in culture 
and its pathogenicity proved by reinoculation into the patient’s skin. The 
infection became generalized and terminated fatally. Similar cases with 
involvement of the bones, subcutaneous tissues or, in some instances, the 


viscera have since been described under the names yeast infection, saccharo- 
mycosis, blastomycosis, or torulosis. 
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In 1906, von Hansemann,” in Germany, reported a yeast infection of 
the brain with similar gelatinous abscesses but without reference to Busse 
and Buschke’s case. In 1916, Stoddard and Cutler! described two cases 
of their own which they concluded were identical with von Hansemann’s 
and with three other examples which they found in the literature. They 
described clearly the clinical and pathological differences between this 
disease and Gilchrist’s blastomycosis and the sharply different charac- 
teristics of the causative fungi. They gave the name Torula /ystolitica 
to this fungus and ‘‘Torula infection” to the disease. 

Unfortunately, Stoddard and Cutler were misled by Buschke’s assertion 


‘(later retracted) that his yeast produced endospores, and concluded that 


his and similar cases were a different disease which they called “true yeast 
infection.” They stated that torula infection might affect other organs 
than the central nervous system, but never the skin. Cases with subcu- 
taneous or visceral involvement continued to be reported as blastomycosis, 
or under other names. 

In 1934, Lodder™ and the author,!* independently, reported studies in 
which the strain of Busse and Buschke was compared with strains from 
torula meningitis and found indistinguishable. This showed that, whereas 
one name, blastomycosis, had been used for several distinct diseases, one 
disease, cryptococcosis, had been described under several names. 

Other reviews and monographs have been published and there is now a 
vast literature on the subject, but time will not permit a discussion of these. 
Attention should be called, however, to a book which appeared in 1946 by 
the Australian workers, Cox and Tolhurst.!® They list a total of about 
120 cases, including 33 from Australia. This book covers every phase of 
the disease in a most complete and thorough manner and is invaluable to 
anyone interested in the subject. These authors obtained cultures from 
10 cases and state that they believe this to be the greatest number isolated 
in any one laboratory. In our laboratory at the College of Physicians and 
Surgeons, we have identified 9 strains, 1 in 1937 and 8 since 1945. This 
raises the question whether the increase of the disease is actual, or should 
be attributed to better diagnosis. 

Symptomatology and Treatment. Cryptococcosis, European blastomyco- 
sis, or, as more commonly known, torula meningitis, is a chronic infection 
most frequently limited to the central nervous system, though it may in- 


_volve other organs, the skeletal structure, and the skin. The symptoms 


are primarily those of severe headache, vomiting, and stiff neck, with little 
or no fever. These are sometimes accompanied by disturbed vision and 
mental confusion. Diagnosis may then be confused with intracranial tumor 
or tuberculous meningitis, and may only be confirmed with certainty by 
demonstrating the presence of the organism either directly or on culture. 
The respiratory system may be involved, but this is uncommon; and infec- 
tion of skin and bones is rare. There is a striking absence of inflammatory 
response in lesions of the brain and meninges. In skin or bone abscesses, 
a thick, mucoid, blood-streaked pus forms which appears upon examination 
to be almost a pure culture of the organism, but some granulation tissue 
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develops about the abscess, and pseudotubercles are described. The cen- 
tral nervous system cases are almost invariably fatal. No form of treat- 
ment has proved successful. Spontaneous remissions occur, which make it 
difficult to evaluate treatment. However, Marshall and Teed” report a 
cure with sulfadiazine, and Keeny, Ajello, and Lankford'* (1944) found that 
sulfadiazine was effective in vitro, whereas sulfathiazole and sulfamerazine 
were not. Sulfadiazine was ineffective with one of our patients. 

There are conflicting reports as to sensitivity to penicillin, and it may be 
that there are strain variations. Streptothricin is reported as active i vilro, 
more so than streptomycin. Protoanemonin was shown by Holden e¢ al. 
to inhibit the cryptococcus in a dilution of 1-80,000. When injected into 
a bone abscess in one of our cases, this antibiotic caused the cavity to 
become sterile after 4-5 weeks. 

Further search of new antibiotics with which to treat this disease is 
urgently needed. 

Diagnosis. Serology is of no value in establishing a diagnosis; and the 
skin test has not been sufficiently studied as yet to be considered reliable, 
although it has been reported positive in a few cases. Spinal fluid findings 
may be of some value, as it has usually a low chloride and sugar content and 
is under increased pressure. But, as emphasized many times, finding 
Cryptococcus neoformans either directly or in culture is the only certain 
means of diagnosis. It has been demonstrated in, or isolated from spinal 
fluid, pus, sputum, urine, and blood, the last two having been reported 
as a source of culture in only very few instances. 

The material for examination is placed on a slide with a drop of India 
ink. In such a preparation, the organism appears as an oval or spherical 
budding cell with a definite wall surrounded by a clear area, or halo, which 
constitutes the capsule. Gram stain of fixed smears will serve also to 
demonstrate the fungus, the cell being gram positive, the capsule faintly 
pink or unstained. The fungus may be grown out from the material 
referred to on the usual Sabouraud’s medium or blood agar in 4-5 days 
at 37°C. or in 7-8 days at room tempera‘ure. 

The cryptococci may be defined, as just stated, as yeast-like fungi of oval, 
globoid, or spherical shape, reproducing by a process of budding. They 
do not form spores or produce true mycelium. 

Etiological A gent:—Cryptococcus neoformans 

Nomenclature. As the name Toruia is still commonly used in the medical 
literature for this fungus, a brief resumé of the terminology should be given. 

The generic name Cryptococcus was first given by Kiitzing®® to an organ- 
ism which he found on moist window panes and which he classified among 
the algae. His herbarium specimen is extant in sufficiently good condition 
to prove that his fungus multiplied by budding. Vuillemin” adopted the 
term for pathogenic yeast-like fungi which did not develop ascospores, and 
gave the name Cryptococcus hominis to the Busse-Buschke organism. There 
seems as yet no cause to abandon its use. 

The name Torula was first used by Persoon™ to designate one of the 
Dematiaceae, a form with short, dark hyphae and chains of globose conidia. 


Prate I. Cryptococcus neoforma 


Ficure 1. Colony on dextrose agar 1 month. 


ns. 


Ficure 2. Budding cells in rat tissue—showing capsule. (X 400.) 
Ficure 3. India ink mount of culture showing spherical budding cells surrounded by narrow capsule. 


(X 160.) 
Ficure 4. Encapsulated cells from peritoneal cavity of mouse. 
Ficure 5. Empty shell-like structure, oval body having escaped. 
FrGuRE 6. Culture mount from cornmeal agar showing thick w 
cells, containing oval body. 


India ink preparation. (X 400). 


alled or capsulated, irregularly-shaped 


Ficure 7. Culture mount of C. neoformans showing pseudomycelium. 
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Turpin” used the same name for nonsporulating yeast-like forms, and both 
Pasteur! and Hansen?* followed this practice. Berlese?* attempted to 
correct the error by substituting the name “Torulopsis” for Torula, but 
although this name was accepted by Saccardo it never came into general 
use. Frothingham” and Stoddard and Cutler adopted Torula as the 
generic name for the pathogenic asporogenous yeasts which they studied. 
On the other hand, Guilliermond® applied the name Cryptococcus to the 
pathogenic types, and Torula to those which were nonpathogenic. Lod- 
der®® (1938) made a plea for the return to “Torulopsis” as a genus for the 
asporogenous yeast, and gave as a type species, Torulopsis pulcherrima. 
Since then, she, with Diddens,*? has shown that Torulopsis pulcherrima is 
a mycelia-forming, yeast-like fungus, and belongs in reality to the genus 
Candida. The type species then must be removed from the genus and the 
generic name is no longer valid. We find, therefore, that Cryptococcus, 
in respect to both priority and usage, still is the preferred name. 

As to the specific name, Sanfelice* isolated from a fruit a fungus which 
Lodder many years later found identical to that of Busse and Buschke. He 
named his fungus Saccharomyces neoformans, which gives “neoformans” 
priority, and our fungus becomes Cryptococcus neoformans—with the Crypto- 
coccus hominis and Torula histolytica falling into synonymy. 

A further change may prove necessary, since ascospores have been de- 
scribed in cultures of this fungus (Todd and Herman,® Redaelli and Ci- 
ferri,*® and Goetz*), and on this basis the organism has been placed in 
the genus Debaryomyces. This work, however, needs further verification. 

Characteristics: In Tissue. Cryptococcus neoformans appears in the tis- 
sues, spinal fluid, or exudate as an encapsulated budding cell which varies 
in size, ranging from 5-20 in diameter, with the average 8-10 uw, inde- 
pendent of the capsule. This also varies in diameter, in some instances 
being 2-3 times the diameter of the cells, whereas in daughter cells or small 
cells only a narrow capsule is observed. The cells have a distinct wall 
and contain from few to many granules. The contents of the young cells 
appear to be quite homogenous. 

In pathological tissues, a variety of forms may be seen. Commonly, 
in the brain, numerous cysts are formed which contain large numbers of 
small organisms, some round, some convex. These small organisms do 
not appear to have a capsule immediately about the cells as do the larger 
forms. In other lesions, larger cells are seen which appear to lie in space 
but in reality are lying in gelatinous material. Immediately surrounding 
these cells, which may reach 20 u in diameter, there is often a dense layer 
of deeply staining capsular material. This material stains red with’ eosin. 
Sometimes strands of stained material seem to run out from the cell through 
the capsule, giving the cell a spiny appearance. These have been noted 
especially in material from experimental animals and have been regarded 
as due to fixation. Some cells become very large and the wall thickens and 
eventually ruptures, thus destroying the cell. Calcified forms have also 
been noted in animal tissues. 

Characteristics: In Culture. Cryptococcus neoformans grows readily on 
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Sabouraud’s honey or glucose agar, producing at first a creamy, tan, staphy- 
lococcuslike colony which increases in size, becomes heaped up, with a 
smooth, glossy surface and mucoid consistency or a more dull and dry 
surface. The color varies ffom light cream to dark tan, brown, or a deep 
_ orange color in some strains. Some strains show a tendency to vary, 
producing drier and more pigmented sectors. 

The capsule forms in culture, but shows great variation and is usually not 
as wide as in tissues. Usually, it seems wider when the organism is grown 
on blood agar at 37°C. 

The cells vary greatly in size and form. In young cultures, spherical, 
budding cells are seen, those of a diameter of 5-6 u usually with a narrow 
capsule. The bud has a smaller capsule than the parent cell. A few large 
cells will appear, and these have wide capsules. As the culture ages, a 
characteristic structure appears which has been interpreted by some as an 
ascus, by others as a modified capsule. 

It appears as though the capsular substance immediately around the cell 
becomes condensed and merges with the wall, or that the wall itself expands 
and becomes thickened, so that a shell forms about a single large granule or 
mass of smaller granules. This globular mass or spore-like structure lies 
at one end of the shell, where the wall appears thinner, and a somewhat 
triangular structure results. The spore-like mass may shed this husk or 
shell when it ruptures at the thinner portion. The spore emerges and buds. 
It may bud while still in the shell. Empty shells may be seen throughout 
the culture. This phenomenon, whether it be a modified capsule, as sug- 
gested by Emmons,** or an ascus, as stated by Todd and Herman® and 
others, needs further investigation and cytological studies to be thoroughly 
understood. If an ascus, it is certainly different from anything noted in 
other yeasts. Occasionally, elongated cells or chains of 2 or 3 such cells 
forming a pseudomycelium are noted both in culture and in animal tissues, 
but nothing in the nature of a true mycelium is seen. 

Biological. The fermentative power is weak. ‘There is no gas formation 
in any sugar, and acid only in glucose. Strains are reported to liquefy 
gelatin within 6 weeks, and litmus milk is turned alkaline. Little is known 
about the nature of the capsule. Recently, Mager and Aschner*® have 
demonstrated the presence of 2 polysaccharides. One of them turns blue 
with iodine and is thought to be amylose. They state that this reaction 
~ may be an aid in the identification of the organisms, as this production of 
extracellular starch seems to be specific for the group of nonfermenting 
capsulated yeasts to which C. neoformans belongs. 

A few studies have been made as to the resistance to heat. Cox and 
Tolhurst!® report that exposure to 60° for five minutes kills the organism. 
* Crowe, de Groat, and Wahlin® report death at 52° for forty-two minutes 
and 60° for five minutes. At 42°C., many of our strains survived 30-50 
hours incubation. One, which appeared less virulent, died out after 5 
hours at 42°. ae 

Serological. The production of antisera in rabbits is difficult. I have 
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been able to produce sera with a titer of 1-160 by treating the cells with 
acid to remove the capsule before immunizing, and then giving weekly 
injections for 10 or 12 weeks.’ 

A number of strains from various sources, including that of Busse and 
Buschke, were found to be antigenically identical. The tests, however, did 
not serve to separate the C. hominis strains from those labelled 7. histolytica. 
One pathogenic strain, the so-called Saccharomyces tumefacieus of Curtis, 
was found to be different. These reactions did not definitely separate the 
pathogens from the non-pathogens, as several of the latter reacted well 
with C. neoformans serum and only feebly with the serum prepared against 
nonpathogenic strains. For instance, a nonpathogenic strain isolated 
from the feces of a healthy individual proved to be similar antigenically. 
It completely absorbed agglutinins from 3 pathogenic sera, but the reverse 
did not hold true. The pathogenic strains did not react strongly with the 
nonpathogenic serum. 

Cox and Tolhurst!* report sera with a titer of 1-128 by giving 9 injections 
at intervals of 5 days of a formalized suspension. Others have reported 
negative results in their attempts to immunize rabbits. 

Further studies are being made with our recently isolated strains in an 
attempt to produce sera with higher titer and thus render more adequate 
this method which promises to have value in the understanding of these 
fungi. Complement fixation tests have so far been reported negative, both 
with the patient’s serum and with serum from immunized rabbits. 

Pathogenicity and Virulence. The organism is pathogenic for the usual 
laboratory animals, with rats and mice the most susceptible, rabbits and 
guinea pigs less so. Virulence does not seem to change on artificial media. 
The strain purported to be the original of Busse and Buschke is still patho- 
genic for animals. The virulence does seem to vary with different strains. 
The animals likewise show individual difference. Of any inoculated group, 
some will show more resistance than others and survive longer, but accord- 
ing to Cox and Tolhurst,!® no inoculated mouse escapes the infection. 
Lesions in the brain, and other tissues similar to those seen in the human, 
are encountered. 

Epidemiology. The way in which infection takes place is not clear. The 
disease occurs sporadically in both man and animals and is met with in 
all parts of the world. It does not spread from person to person. Or- 
ganisms similar, except in virulence, for laboratory animals, and in the 
ability to grow at 37°, have been isolated from the skin and intestinal tract 
of normal individuals. The Saccharomyces isolated from fruit by Sanfelice 
appears identical. With these exceptions, C. neoformans has not been 
recovered except from lesions. Some mutations may account for the 
pathogenicity. The acquiring of a capsule may serve to protect the organ- 
isms, which then find the tissues a favorable environment for growth. 

There is much need for a careful study and comparisons of case histories 


in the hope that light will be thrown upon the epidemiology of this dreaded 
disease. 
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Blastomycosis 


Gilchrist’s disease, or North American blastomycosis, is a chronic disease 
caused by the hypomycete, Blastomyces dermatitidis. There are two forms 
of the disease, the cutaneous and the systemic. The more common variety 
is the cutaneous, and this is characterized by granulomatous lesions which 
may occur on any part of the body. Localized skin lesions may heal com- 
pletely, but disseminated forms extend slowly until death. Blastomycosis 
may begin as a pulmonary infection and affect other viscera. Central 
nervous system lesions may follow a preliminary infection of the skin or 
may arise from some hidden focus, probably the lungs. The visceral forms 
are frequently fatal, and the central nervous system cases invariably so. 

History. The first description of the disease is that of Gilchrist®® and 
Gilchrist and Stokes.* In the first case, the patient was a man with a 
lesion on the hand resembling a verrucous tuberculosis. In sections, round 
and oval refractive bodies were found but no culture was obtained. From 
the second case, that described two years later with Stokes, Gilchrist ob- 
tained a culture which developed mycelium. This was at first called 
Oidium, but later, on the supposition that it was the same as the Busse- 
Buschke organism, it was named Blastomyces dermatitidis. Other cases 
were reported and a good description of the disease given by Montgomery 
and Ormsby*’ in 1908. The infection seems to be limited to North America, 
with cases reported from at least 28 states and the most by far from Chi- 
cago. Only two of the proven cases have occurred outside North America, 
one in Canada and one in England. Martin and Smith," in a review pub- 
lished in 1939, have collected a total of 347 possible cases, with 80 of them 
proven. Of the others, it is difficult to say in just how many the fungus 
concerned was Blastomyces dermatitides. 

Symptomatology. The cutaneous form of the disease apparently results 
from surface infection and the first lesions are described as pustules. They 
may appear on the face, hands, or any exposed site. In the neighborhood, 
new lesions form and fuse with the older ones to form a plaque with a 
raised border which slopes down to normal skin. The central portion 
becomes covered with crusts, and miliary abscesses are usually visible near 
the margin. Larger lesions show some central involution and cover large 
areas of the trunk in a serpigenous pattern. These lesions are relatively 
“painless. Fever or subjective symptoms are rare. 

The systemic variety may, as has been said, follow primary infection 
of the skin, although, in 50 per cent of the cases, the first symptoms are 
referable to the respiratory tract. Subcutaneous nodules form and, as 
the disease progresses, break down and ulcerate, thus resembling the cuta- 
- neous nodules of cryptococcosis. Granulomatous nodules may also appear 
in the lungs, larynx, bones, liver, kidney, spleen, genitals, serous membranes, 
and central nervous system. 

Treatment. Iodides and Roentgen therapy are of value in the treatment 
of the cutaneous disease, but iodides have little effect in the treatment of 
the systemic infection. Gentian violet inhibits growth of B. dermatitidis 
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in a dilution of 1:500,000 (Sanderson and Smith,*) but is of little thera- 
peutic value. Noojin and Callaway” tested seven sulfonamides against 
B. dermatitidis in vitro and found that sulfonamilamide and sulfadiazine 
were the most effective. Concentrations necessary to effect the fungus 
would, however, be too high for clinical use, except perhaps as applied 
locally to cutaneous lesions. Foster and Woodruff* report that Blastomyces 
dermatitidis is unaffected by penicillin, even in doses as high as 30 oxford 
units per cc., but streptothricin inhibits the fungus in concentrations com- 
paring favorably with those required for the inhibition of Escherichia colt. 
Keeney, Ajello, and Lankford’ also reported negative results with penicillin. 
Tishman“ reports a new form of therapy which may offer hope. After 
iodides and sulfa drugs proved ineffective, ether was applied locally to the 
skin lesions and used to irrigate the osteomyelitic infection. In addition, 
it was mixed with an equal amount of oil and given rectally after soapsuds 
enema. Treatment was begun in October and the patient was discharged 
as cured in February. The patient died three years later from other 
causes and, at autopsy, gave no evidence of infection with Blastomyces, 
nor any evidence of harmful effect of the drug. The effectiveness of ether 
has not yet been confirmed by other observers. 

Diagnosis. As with other fungus diseases, the diagnosis can only be 
made definite by finding the characteristic organism either upon direct 
examination or in culture. Skin tests may be a real aid, as in this case it 
is a specific reaction similar to a positive tuberculin reaction. The reaction 
appears in 12-23 hours, reaches a maximum in 2-4 days. In very allergic 
patients, the reaction may proceed to a sterile abscess. A negative or 
weak reaction may result in patients in the terminal stages of the disease. | 
On the other hand, positive reactions have not been noted in patients with- 
out blastomycosis. Martin*® believes that a skin test should always be 
made before starting treatment with iodides. If the reaction is less than 
1 cm. in diameter, it is safe to administer potassium iodide, but, if 1 cm. 
or more, the reaction indicates that the patient is hypersensitive and should 
be desensitized before iodine therapy is started.. This is done by the sub- 
cutaneous injection of gradually increasing amounts of vaccine, beginning 
with saline dilutions. Iodides may be administered after 2 weeks of vaccine 
injections. Surgery also is of value in treatment, and X-ray therapy has 
proved helpful in clearing cutaneous lesions, provided the hypersensitivity 
of the patient has been reduced by vaccine therapy. 

Etiological Agent: Blastomyces dermatitidis (Gilchrist and Stokes, 1898) 

Nomenclature. Many names have appeared in the literature to designate 
this fungus. Some, such as Oidium, Zymonema, Acladium, Aleurisma, and 
Endomyces, express the authors’ belief as to the botanical classification of 
the organism. Others were given because the authors failed to recognize 
the identity of their strain with the species described by Gilchrist. Ota 
as a result of his studies, concluded that a strain isolated by Gammel, and 
named Glenospora gammeli by Pollacci and Nannizzi, and two strains of 
Blastomyces dermatitidis obtained from Weidman were identical, but added 
to the confusion by naming the organism Acladium gammeli, and later 
with Kawatsure*® renaming it Alewrisma tulanense. Castellani? had pro- 


Prate II. Blastomyces dermatitidts. 


Ficures 1, 2, and 3. Cultures at 37° C. (1) Yeast-like, on blood agar. (2) and (3) Intermediate stages 
on blood agar. 

Ficure 4. White, downy colony on Sabouraud’s dextrose at room temperature. 

Ficure 5. Budding cells in pus, direct from lesion. (X 400). 

FicureE 6. Budding cells in lung of dog. (X 400.) 

Ficure 7. Culture at 37° C. on blood agar showing yeast-like cells. (X 400.) 

Ficure 8. Culture at 37° C. showing mycelium and conidia. (X 400.) 


1309 


PLO ges Annals New York Academy of Sciences 


posed the new genus Blastomycoides for the fungi causing American Blasto- 
mycosis. He made the mistake of including Blastomycoides immitis n 
the genus. , 

In 1934, in a comparative study of the fungi of blastomycosis and cocci- 
dioidal granuloma,‘ I showed that Glenospora gammeli (Pollacci and Nan- 
nizzi, 1927), Blastomycoides (monosporium) tulanense (Castellani, 1928), 
Endomyces capsulatus (Newbridge, Dodge, and Ayers, 1929), Endomyces 
capsulatus, variety Isabellinus (Moore, 1933), and Endomyces dermatitidis 
(Moore, 1933) were identical with Blastomyces dermatitidis. Ciferri and 
Redaelli®’ also showed these strains to be identical and proposed the name 
Gilchristis dermatitidis. Conant® once more confirmed these authors and 
compared many of these same strains with several strains of Blastomyces 
dermatitidis (Gilchrist and Stokes, 1898) isolated from cases of blastomycosis 
at Duke. Dodge®*! applied the name Zymonema (Buermann and Gougerot, 
1909) to this fungus, giving as the type species, Endomyces dermatitidis 
and placing it in the lower ascomycetes, following Moore’s®” report of asci 
in this strain. The development of asci has not been confirmed, and there 
seems as yet no valid reason for replacing the name used by Gilchrist, 
Blastomyces dermatitidis. 

Characteristics: In Tissue. The fungus appears in the patient’s lesion 
or in those of inoculated animals as round or oval cells usually 8-10 u in 
diameter, though often as large as 20u. They usually produce one bud 
at a time and the cells are highly granular. In sections, the wall is sharply 
differentiated from the contents, which are somewhat shrunken by fixation, 
thus pulling away from the wall and leaving a space. This, I believe, has 
led to the wall’s being referred to as a capsule. There is, however, no 
capsular substance comparable to that of Cryptococcus neoformans. In 
tissue, the organisms may be found in large masses, but more often mingled 
with leucocytes in an abscess, scattered through the granulation tissue or 
phagocytes by giant cells. 

Characteristics: In Culture. This fungus assumes a variety of forms, 
depending on the medium and incubation temperature. It grows well on 
Sabouraud’s media and is isolated most easily from the pus from miliary 
abscesses. It takes from 10 days to 2 weeks to appear. If the first cul- 
tures are incubated at 37° C. and on blood agar, a brownish, waxy to smooth 
growth occurs, which Henrici*® referred to as the “mealy” type. In this 
type of growth, the fungus maintains the yeast morphology with only 
occasional elongated forms, indicating a transitional stage. Some cultures 
become covered with tufts or spiny elevations which resemble coraemia. 
This is Henrici’s “prickly” type. As soon as the cultures are brought to 
room temperature, however, the yeast-like growth is lost, and an exten- 
sive, branching mycelium forms. On Sabouraud’s maltose or dextrose 
medium, the fungus grows, slowly forming a downy to fluffy colony, at 
first white but later deep cream or tan. In giant colonies, the central 
zones may show radial folds and often concentric rings. The colony often 
arcane the Trichophytons. Ricketts recognized these three types of 
growth. 
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In these downy colonies, rather characteristic conidia, first described by 
Gilchrist, are borne on the sides of the hyphae or on the tips of short lateral 
branches. They appear first as knoblike projections, which gradually 
enlarge. At first, the wall is thin and the contents are more or less homoge- 
neous. Later, the walls thicken and the contents become more granular, 
giving somewhat the appearance of chlamydospores. These cells may 
become free and appear to bud, resembling the cells observed in tissue. 
These conidia are found regularly in the downy or fluffy colonies. All 
transitional forms, from yeast to fluffy, may be seen. 

Biological. As reported by Levine and Ordal,** B. dermatitidis does not 
seem to require accessory growth factors. The growth on a medium of 
salts, glucose, and ammonium sulfate is never equal to that on a more 
complete peptone glucose medium. This would indicate a stimulating 
action of amino acids. On a complete medium, the organism grew well 
at all pH levels except 5.5 at room temperature, but at 37° no growth oc- 
curred at pH 4.5 or below. Ona deficient medium, the quantity of growth 
increased as pH concentration decreased. Also, in general, the higher the 
temperature is, the greater the amount of growth. The effect of tempera- 
ture on the form of growth has already been mentioned. The tendency to 
form mycelium decreases as the hydrogen ion concentration and tempera- 
ture increases. 

Serology. Sera of patients with extensive lesions will fix complement with 
suspensions or extracts of B. dermatitidis. No cross reaction with extracts 
of other fungi occur, and the reactions are always negative in the absence 
of blastomycosis. 

In mild infections, that is, in patients with the localized cutaneous forms, 
no fixation takes place. According to Martin,* a fatal outcome is to be 
expected in patients with a high antibody titer and a negative or slightly 
positive skin test. Prognosis is best in the hypersensitive patient without 
complement-fixing antibodies in his serum. 

Pathogenicity and Virulence. Pathogenicity, as in the case of the crypto- 
coccus, seems to be a fixed character, for, after years on artificial media, 
this fungus will reproduce the disease in animals. Of the laboratory ani- 
mals, dogs and monkeys seem most susceptible. Heavy subcutaneous 
inoculation results in a local suppurative granuloma, with metastatic lesions 
in the lungs and other viscera. Spring®® found mice more susceptible than 
*guinea pigs and rabbits. In mice, typical lesions should develop in 3 
weeks, with lesions in liver, spleen, lungs, and lymph nodes. Examination 
of the fresh material from these lesions or from the peritoneal fluid will 
show the typical parasitic stage. Baker” attempted to enhance the viru- 
lence for mice by repeated transfer, but failed to do so. 

Epidemiology. The source of the infection is unknown. Stober® ob- 
served, in rotting wood from the rooms where patients with blastomycosis 
had lived, fungi which resembled the parasite, but was unable to prove their 
identity. Infection, however, probably is from some exogenous source. 
The disease has been known to occur spontaneously in animals. F oshay 
and Madden® reported the first spontaneous case in a dog. The organism 
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was obtained on culture, and the serum from the dog was completely fixed 
with typical Blastomyces strains. 


Summary 


In this report, attention has been called to the fact that the disease 
described by Busse and Buschke, in Europe in 1894, and those meningeal 
infections later described by Von Hansemann, Stoddard and Cutler, and 
others are really one and the same disease, caused by a yeast-like fungus, 
Cryptococcus neoformans. Also, it has been indicated that North American 
blastomycosis is an entirely different disease, caused by a mycelium- 
producing fungus, Blastomyces dermatitidis. A detailed consideration of 
these two fungi has been given and the correct terminology discussed. 
Once more, the suggestion is made that the term Blastomyces be discon- 
tinued, except as it pertains to Gilchrist’s disease, and that Blastomyces 
dermatitidis be made a nomen conservandum for the fungus involved. Like- 
wise, it is suggested that the name cryptococcosis replace torulosis or torula 
meningitis for the meningeal cases, and that Cryptococcus neoformans also 
become a nomen conservandum. 
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THE NUTRITIONAL REQUIREMENTS OF THE 
FAVIFORM TRICHOPHYTONS* 


By Lucille Katharine Georg 


Departments of Dermatology and Bacteriology, Columbia University College of Physicians 
and Surgeons, New York, N.Y. 


In a recent report, “Suppurative Ringworm Contracted from Cattle,” 
a series of twenty-three cases of deep, suppurative ringworm have been 
described. The cases appeared during a three-year period among a com- 
munity of farmers and their families in central Pennsylvania. These 
unusually severe ringworm infections occurred in order of frequency on the 
neck, face, wrists, forearms, and in the occipital region of the scalp. ‘The 
cases were divided into three groups: the sycosis parasitica type, or sup- 
purative ringworm of the bearded areas of the face and neck; the kerion 
type found in the scalp; and agminate folliculitis, or suppurative lesions of 
the glabrous skin. In all instances, there was a history of recent contact 
with cattle, and, in all but five cases, the patients had observed ringworm 
lesions on their cattle. The lesions, their clinical course, and their treat- 
ment, have been described in detail. 

Cultural studies indicated that fourteen of these cases had been caused 
by the large-spored faviform trichophytons of the album, discoides, and 
ochraceum varieties, and four cases by the common T. mentagrophytes. 
In the remaining five cases in this series, no parasitized hairs were found 
and no cultures were obtained. The nature of the lesions, however, the 
absence of bacterial infection, and the history of contact with cattle in- 
fected with ringworm, suggest that these cases also were caused by ringworm 
contracted from cattle. 

The faviform trichophytons are characterized by their large-spored, ecto- 
thrix parasitism of the hair, and by the extremely slow-growing, non-sporu- 
lating type of growth which they produce on the usual laboratory mediums. 
On Sabouraud’s dextrose or maltose mediums, the cultures are usually of 
a glabrous type varying from moist, heaped-up, waxy, cerebriform colonies 
to colonies covered with a very fine short white down, which appears ir- 
regularly on their often highly convoluted surfaces. Such colonies are 
composed of an irregularly branched mycelium similar to that characteris- 


tically seen in cultures of Trichophyton schoenleint, the causative organism 


of favus. Chlamydospores may be present in large numbers, but microco- 
nidia and macroconidia are rarely produced on these mediums. 

The poor growth of the faviform trichophytons on the usual mediums 
makes their isolation from ringworm lesions as well as the maintenance of 


- stock cultures extremely difficult. Their inability to produce spores on 


the usual mediums has led to great confusion in their classification. How- 
ever, when enriched or natural mediums are used, microconidia and macro- 
conidia typical of the Trichophyton group have been produced.” * 
In our recent experience in the isolation of faviform trichophytons from 
* The author wishes to express her gratitude to Dr. Rhoda W. Benham of the Department of Dermatol- 
ogy, Columbia University, College of Physicians and Surgeons, for advice and assistance in this work. 
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ringworm lesions, it was found that, by the use of a medium rich in peptones 
such as heart infusion-tryptose agar (blood agar base, “Difco”), not only 
were the chances of isolation greatly improved, but continued good growth 
with production of microconidia and macroconidia could be obtained in 
most instances. This was particularly true when thiamine was added to 
the medium, and it was recommended that heart infusion-tryptose agar 
with added thiamine (0.1 mg. per 100 cc.) be used for the isolation, study, 
and maintenance of these cultures. 

These findings suggest that these organisms are deficient, that is, they 
are unable to synthesize (at least in sufficient quantities) certain growth 
factors necessary for the initiation and maintenance of growth and for the 
production of spores. That thiamine may be one of these factors is indi- 
cated by the production of rapid-growing, vigorous, fluffy colonies with 
many spores when this vitamin is added to a rich peptone medium. The 
possibility of other growth factors in the heart infusion-tryptose medium 
is also to be considered. 

It is the purpose of this paper to study this group of ‘‘deficient organisms” 
in order that a better understanding of their growth characteristics and 
requirements may be obtained. 

History. A trichophyton of faviform type was first observed by 
Sabouraud in 1893.4 He isolated the organism from a child who had a 
flat lesion on the temple which was suppurating at many points from 
gummy, cracked crusts. The culture developed with extreme slowness and 
showed characteristics analogous to those of Achorion favus, the causative 
organism of favus, now known as Trichophyton schoenleini. Preparations 
of the diseased hairs, however, did not reveal an endothrix parasitism, as 
seen in favic hairs, but they did show an ectothrix fungus with large spores 
in mosaic and occasional chains of spores lying along the side of the hair. 
The radical part of the hair was filled with branching mycelium. The spores 
varied in size from 5 to 8 microns. 

E. Bodin, who studied this organism, was also able to isolate several 
similar cultures from lesions on horses, a donkey, and a calf. Bodin® has 
furnished a description of a species which he called “Trichophyton faviforme 
du veau” (it was later named T. verrucosum [1902]): “On glucose agar the 
culture forms a little cake in a month’s time. Part is submerged in the 
agar and the surface is irregular, verrucose, and grey. It may show a cen- 
tral accumulation.” In the epidemic among horses reported by Bodin, 
the hairs showed that the parasite was an ectothrix fungus. He also ob- 
served the infection in nine persons and described the human lesions as a 
“thick kerion in the form of a cupola riddled with suppurating follicles.” 

In 1908, Sabouraud® described two species in this group. One, which 
he called Trichophyton ochraceum, corresponds well to the T. verrucosum 
described by Bodin except that it is a brilliant yellow ochre. The second 
species, 7’. album is difficult to distinguish from T. schoenleini. Sabouraud 
described it on 3 per cent peptone medium as a glabrous, waxy colony of 
spongy surface and vermicellular appearance. On maltose agar, it is heaped- 
up and shows an umbilicate center and sloping sides which have many 
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irregular folds. The texture is tough and rubbery. The cultures were 
extremely slow-growing and mediocre in development compared to favus 
cultures. He described lesions of four types caused by these organisms: 
(1) typical kerion lesions~with considerable subcutaneous suppuration; 
(2) plaques resembling seborrheic eczema; (3) typical ringworm lesions of 
the annular type with cleared center and vesicular outer border; and (4) 
young lesions which were dry and leathery in appearance. 

In 1910, Sabouraud® described a fourth species, Trichophyton discoides, 
which he stated was somewhat similar to 7. album, except that its growth 
was almost a perfect disc with a flat surface and often a central knob. The 
whole growth had a light tan to brown color with a moist surface. The 
cultures may develop a fine, short, white down. This organism was habitu- 
ally found in cattle and produced lesions of the kerion type in man. 

Sabouraud, who used only sugar mediums with small amounts of peptones, 
observed only the slow-growing, glabrous, faviform colonies described above. 
He did not feel, however, that the appearance of the cultures was of enough 
importance to classify the organisms among the Achorions, and, although 
unable to show any structures characteristic of trichophytons, he placed 
them in the Trichophyton group on the basis of the large-spored ectothrix 
parasitism of the hair and the tinea-like lesions produced in man as well as 
in the experimental animal. 

Many workers studied the organisms of the faviform group in an attempt 
to obtain spore-bearing structures which would more clearly identify them 
as members of the Trichophyton group. The introduction of the ‘natural 
mediums of polysaccharide base” by Langeron and Milochevitch,’ greatly 
aided this study. On these mediums, which consisted of whole grains of 
wheat, barley, corn, and oats, it was found that the faviform trichophytons 
developed quite rapidly and were very different in appearance from the 
glabrous colonies obtained on the sugar mediums. The growth was of a 
white, velvety to fluffy character similar to the growth of the more com- 
mon trichophytons. Microscopic examination revealed microconidia char- 
acteristically borne by the hyphae in clusters (ex grappe) and laterally 
(en thyrse). Also, rudimentary spirals and macroconidia typical of the 
Trichophyton group were demonstrated. 

In 1934, Lebasque’ carefully reviewed the faviform group and was able, 
by the use of the polysaccharide mediums, to complete the morphological 
studies of the species already known, as well as three new species. Of the 
large number of species which had been described by various workers on the 
basis of the gross appearance of the colonies, Lebasque accepted only six 
as having characteristics sufficiently distinct to be considered as different 
species: T. verrucosum (Bodin, 1902), T. ochraceum (Sabouraud, 1902), 
T. album (Sabouraud, 1909), T. discoides (Sabouraud, 1910), T. equinum 
(Gedoelst, 1902), and 7. caballinum (Neveu-Lemaire, 1921). He also de- 
scribed three new species: 7. bullosum, T. villosum, and T. papillosum. 
For all these species, Lebasque was able to obtain cultures which showed 
all the macroscopic and microscopic characteristics typical of the 7 richo- 
phyton group. He described the parasitism of the hair by these species 
as endo-ectothrix, because of the vigorous development of the flexous, 
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dichotomously dividing mycelium in the interior of the hair. This picture, 
however, except for the larger size of the spores, is not different from that 
occasionally seen in microsporum infections, where the interior of the hair 
may be filled with branching mycelium. The presence of mycelial fila- 
ments in the interior of the hair, as described by Baudet’ and often seen 
by us in examination of hairs from cattle as well as from patients, probably 
is indicative only of the early stages of invasion by the fungus. There 
seems to be no valid reason for calling the parasitism endo-ectothrix. 

One of the species studied by Lebasque, Trichophyton equinum (Gedoelst), 
presented a downy to fluffy culture on the classic “‘proof medium.” How- 
ever, spores were not obtained until the culture was grown on the natural 
carbohydrate mediums. Lebasque did not feel that there should be a 
distinction between the glabrous and downy members of the group as had 
been suggested by Castellani and Chalmers.® 

That the faviform trichophytons may be vitamin-deficient organisms 
was clearly shown by Robbins, Mackinnon, and Ma!” in their study of the 
Mackinnon strain of 7. discoides isolated in Uruguay. They demonstrated 
that this strain required three vitamins for growth: pyridoxine, i-inositol, 
and molecular thiamine. They were able to produce growth on a basal 
medium prepared with purified agar, recrystallized asparagine, dextrose, 
phosphate buffers, and inorganic salts only after these three vitamins had | 
been added. The thiamine could not be substituted for by an equal mix- 
ture of thiazole and pyrimidine. 

Burkholder and Moyer," have shown that a strain which they call Tri- 
chophyton faviforme has a deficiency for thiamine and inositol, and that 
its growth is stimulated by media containing liver and peptones. 

Schopfer and Blumer,” in their study of the growth requirements of a 
strain of 7. album which they isolated, have shown that this particular 
strain, although able to grow to some extent on a basal medium without 
the addition of any vitamins, produced a more rapid growth when biotin 
was added. This was particularly true when a nitrogen source such as 
ammonium citrate was used in place of asparagine or amino acids. The 
action of the biotin was shown to be dependent on the physiological age of 
the culture. They also demonstrated that, in an unbuffered nutrient 
medium, thiamine, inositol, and pyridoxine clearly furthered the develop- 
ment when asparagine was used as a nitrogen source. Here it was found 
that an equal mixture of thiazole and pyrimidine would substitute for the 
thiamine. They obtained best growth when all four of the stimulating 
substances, biotin, thiamine, inositol, and pyridoxine, were added to a 1 
per cent asparagine unbuffered medium at pH 6.0, in which medium they 
obtained a mycelial weight three times greater than in control flasks. 

In contrast to these studies, T. schoenleini has never been shown to be 
stimulated by vitamins. That this is also a deficient organism, however, 
has been shown by the following findings. (1) Whole grain mediums stimu- 
late the production of rapidly growing, heavily powdery or downy cultures 
with numerous microconidia. This is in contrast to the usual slow-growing, 
glabrous cultures obtained on the routine sugar mediums, which rarely 
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show any spores. (2) Catanei’ observed that cultures contaminated by 
bacteria, staphylococci, and certain bacilli, present a powdery or downy 
aspect In contrast to the glabrous colonies of pure isolates. This has been 
shown to be due to a water-soluble, heat-stable substance produced by the 
_ growth of the bacteria. 


Experimental 


Part I. Cultural and Morphologic Studies of Recently Isolated 
Faviform Trichophytons 


Eight strains of faviform trichophytons recently isolated from suppurative 
ringworm lesions! were selected for cultural and morphologic studies. Pure 
strains were obtained by isolating six single spores from each strain (ac- 
cording to the method described by Georg"). Cultures were made on the 
following mediums: (1) simple sugar mediums—Sabouraud’s dextrose and 
maltose agar (‘‘Difco’’) and Sabouraud’s maltose “‘proof medium” prepared 
with crude maltose and French peptone according to the method described 
by Sabouraud®; (2) whole grains—moist rice and barley prepared according 
to the method of Langeron and Milochevitch’; and (3) enriched mediums— 
dextrose and maltose agar enriched with yeast extract, liver extract, beef 
heart infusion, Bacto-tryptose, and citrated human blood. Cultures were 
grown both at room temperature and at 37°C., on moist and dry mediums 
of pH varying from 5.0 to 7.4. 


A. Cultural Characteristics on the Simple Sugar Mediums 


1. Gross Appearance. On Sabouraud’s dextrose and maltose agar (‘‘Dif- 
co’) the different strains produced colonies which showed considerable 
variation from one another even on the same medium. These ranged from 
completely glabrous, moist, heaped, cerebriform colonies the color of wax 
to irregularly folded or completely flat, disc-shaped colonies covered with 
a short white down, and glabrous, highly verrucose colonies of a bright 
yellow ochre color. 

On first isolation or early transplantation to these mediums, all colonies 
tended to be glabrous and of a tough, leathery consistency. After pro- 
longed cultivation and repeated transplants, however, the large majority 
developed a fine white powder at the base of their acuminate structure or 
in the crevasses of their folds. Still other isolates, which presented a flatter 
colony, often with a central umbo and a scalloped or irregular border, de- 
veloped a short white down which covered the entire colony. A third type 
of colony, developed by two of the strains, began as a moist, colorless, skin- 
like growth over the surface of the medium. This later developed glabrous 
- projecting buttons which were a bright yellow ochre. Often the whole 
surface of the colony became highly verrucose and bright yellow ochre. 
These cultures usually developed some fine white powder at the periphery 
and in the center of the colony which, when dense, gave a powdery gray 
central area and border to the otherwise yellow ochre to deep orange colonies 
(FIGURE 1). 

In general, growth on these mediums was very slow and meager at room 
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FIGURE 1. Trichophyton faviforme—Sabouraud’s dextrose agar (‘‘Difco’”’) 40 days: (a) variety album; 
(b) variety discoides; (c) variety ochraceum. 


Ficure 2. Trichophyton faviforme—Sabouraud’s dextrose agar (“Difco”) Characteristic morphology 
showing irregular, branched, ‘‘faviform’’? mycelium with numerous chlamydospores. 400 
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temperature. At 37°C., the rate of growth was considerably accelerated, 
but, even under these conditions, the growth did not usually appear until 
the fifth to seventh day. On the average, colonies grown at room tempera- 
ture approximated 30 millimeters in diameter after 6 weeks ‘of growth. 
They were, however, often five to ten millimeters in height in the center. 
The optimum pH was found to lie between 6.8 and 7.2. 

In order to identify these colonial types more clearly with those described 
by Sabouraud and other workers, the cultures were planted on Sabouraud’s 
maltose “proof medium.” On this medium, growth was more rapid and 
colonies attained a greater size. In general, the colonies were more heaped 
and folded and tended to develop more powder and down than on the 

Difco” mediums. The colonial types were the same, however. 

2. Microscopic Appearance. Microscopic examination of the cultures 
developed on Sabouraud’s maltose and dextrose agars, both the ‘“Difco”’ 
product and the original “proof medium,” revealed an irregular branched 
mycelium with an abundance of intercalary and terminal chlamydospores 
(FIGURE 2). The appearance, in some cases, was very similar to the “favic 
chandeliers” produced by T. schoenleini. In other cases, the mycelium was 
less irregular and only produced occasional clubbed ends and intercalary 
chlamydospores. Reproductive spores, microconidia and macroconidia, 
were characteristically absent. 

3. Variation. In general, three types of colonies predominated, which 
corresponded rather well with the three species described by Sabouraud 
as T. album, T. discoides, and T. ochraceum.’ After a series of transplants 
over a period of several months, however, it soon became evident that these 
colonial forms were not stable and that a single culture could produce all 
three of these colonial varieties. In order to determine the nature and fre- 
quency of these changes, a series of studies was made using several single- 
spore cultures from each strain and transplanting serially on Sabouraud’s 
dextrose agar and wort agar (‘‘Difco’’). 

Each strain tended to maintain a rather characteristic colonial morphol- 
ogy which clearly differentiated it as a variety. However, all the varia- 
tions described above were found in six of the strains studied. A parent 
culture might be flat and covered with a fine white down, while the subcul- 
ture would develop into a completely glabrous, heaped cerebriform colony, 
or a glabrous, flat but highly verrucose colony of the yellow ochre variety. 
Also, a single culture on wort agar which started as a completely glabrous 
colony might, in the course of weeks, develop a heavy white down, around 
the edge of the colony, in isolated tufts, or over the entire surface. That 
this was not an instance of the development of pleomorphic growth com- 
monly seen in some trichophyton cultures was shown by the fact that these 
fluffy areas were not composed of sterile hyphae, but were, in fact, rich in 
microconidia. The fluffy to glabrous change was also common, particularly 
on the wort agar, and a third change back again to the fluffy state was ob- 
served in several cultures (FIGURES 3 and 4). Some strains presented both 
the heaped-glabrous and the flat-downy type variation in a single colony 
(FIGURE 5). y 
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Variation in the faviform trichophytons was first suggested by Cazalbou 
in 1913! when he described a species which he called Trichophyton singulare, 
which had two cultural states, a glabrous cerebriform colony and a downy 
flat disc-shaped colony. The cultures were found to be reversible. In 
1938, Gammel and Work" described a case of sycosis parasitica due to a 
faviform trichophyton which they designated as Favotrichophyton album, 


Ficure 3. Trichophyton faviforme (var. album)—variation on wort agar: (a) original waxy, heaped, 
glabrous colony on wort agar; (b) one of many transplants from (a) to fresh wort agar—here the colony is 
still glabrous, but some of the raised knobs are a bright yellow ochre; (c) later stage of (b) colony begins 
to show areas of fluffy spore-bearing growth; (d) later stage of (c)—colony shows three types of growth: 
waxy, glabrous areas; very moist, deep orange areas; and white, fluffy spore-bearing growth. 


variety singulare. After several transplants on liver infusion agar, they 
obtained two distinct types of growth, a cerebriform type and a less well- 
differentiated discoid type. 

These findings, as well as our data obtained with single spore cultures, 
seem to indicate that T. album, T. discoides, and T. ochraceum are not mor- 
phologically distinct and suggest that they are variants of a single species. 
We propose that they be classified as T. faviforme (varieties: album, dis- 
coides, and ochraceum). 
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B. Growth on Whole Grains 


1. Gross Appearance. On the natural polysaccharide mediums, moist 
rice and barley grains, all of the strains grew very well, covering the grains 
with a felt-like growth. By the tenth day, those cultures which produced 
some down on the simple sugar mediums showed an aerial mycelium which 


Ficure 4. Trichophyton faviforme (var. discoides)—variation on wort agar; (a) original flat colony, 
with very small amount of short, white down, on wort agar; (b) one of many transplants from (a) to fresh 
wort agar—here heaping-up of the colony and production of furrows is noted—edge of colony shows begin- 
ning of fluffy variation; (c) later stage of (b)—colony is now completely covered with white, fluffy spore- 
bearing growth; (d) later stage of (c)—the colony became completely glabrous, but now shows a tertiary 
change with development again of a fluffy mycelium in some areas, 


extended from the kernels and was visibly erect. In some cultures, true 
fluffy growth appeared. 

2. Microscopic Appearance. The mycelium is well developed in 12 to 
15 days and consists of a regular branching, flexuous mycelium with occa- 
sional chlamydospores. The aerial growth contains numerous conidia which 
are seen scattered along the mycelium (en thyrse) as well as in terminal 
pine tree-like clusters (en grappe) (FIGURES 6 and 7). These microconidia 
are not pediculated and break off squarely from their point of attachment 
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to the mycelium on which they are implanted perpendicularly. They 
are easily detached and are sprinkled all through the preparation. Their 
size varies from 1.5 to 2 microns by 3 to 4 microns. Although there is con- 
siderable variation in size and shape, in general they tend to be more slender 


FicurE 5. Colony showing both album and discoid variation. Developed on Sabouraud’s dextrose agar 
from a single spore culture originally of the album variety. 


vada 


FicurE 6. Tricho faviforme— ; : : : Baye 
richophyton faviforme—from growth on rice grains. Microconidia ‘‘en thyrse.’? 400 


and elongated than the typical pear-shaped or round conidia of the gypseum 

group. a 
Macroconidia are also found in the downy to fluffy aerial mycelium ap- 

pearing from the tenth to thirtieth day. These range from 20 to 30 microns 
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Ficure 7 (top). Trichophyton faviforme—from growth on rice grains. Microconidia “en grappe.” 400X 
Ficure 8 (bottom). Trichophyton faviforme—from growth on rice grains. Macroconidia. 400% 
by 5 to 8 microns and have 2 to 8 sections. They occur either terminally 
or laterally, usually singly at the end of a mycelial branch. Some are short 
and bulb-like, others show long pointed ends, and others are irregularly 
swollen and distorted (FIGURE 8). 
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C. Growth on Enriched Mediums 


Yeast and liver extracts both had a definite stimulating effect on the 
growth rate of the organisms when added to the simple sugar mediums. 
On such enriched mediums, all the strains grew rapidly, producing heavy, 
compact colonies covered with a white, downy to fluffy aerial mycelium 
which contained microconidia and occasional macroconidia. The amount 


Ficure 9. Trichophyton faviforme—heart infusi yptos iamine ( 
9. yton favifi -hea usion-tryptose agar plus thiamine (0.1 mg. per 4 
days: (a) variety album; (b) variety discoides; (c) variety ochraceum. i EPS Oe 


of aerial growth depended on the strain as well as the amount of the extract 
added. 

Additions of beef heart infusion, Bacto-tryptose, and citrated human 
blood were studied in view of the fact that, in the original isolation work 
blood agar plates prepared with beef heart infusion and Bacto-tryptose 
(blood agar base, ‘‘Difco’’) had been used and found far superior to Sabou- 
raud’s dextrose agar. It was at first thought that the whole blood added to 
this medium was the stimulating factor. However, no difference could be 
detected in the amount of growth produced on this medium whether blood 
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_ had been added or not. Both the beef heart infusion and the Bacto-tryp- 
tose were found to have stimulating effects when added to the simple sugar 
mediums. Either of these substances, added in amounts comparable to 
that found in the complete medium, caused the development of rapidly- 
growing, vigorous colonies which often reached a diameter of 40 to 60 mm. 
in 4 weeks and were covered with a white powder or a short, erect white 
down. Addition of thiamine (0.1 mg. per 100 cc.) to the heart infusion- 
tryptose medium further increased the rate of the growth and produced 
more aerial mycelium, which was, in most cases, filled with large numbers of 
microconidia and occasional macroconidia (FIGURE 9). 


Part II. Studies of the Vitamin Requirements of the Faviform Trichophytons. 


A study was made to determine the vitamin requirements of sixteen 
recently isolated strains of faviform trichophytons as well as of four stock 
cultures: 7. album, T. discoides, and T. ochraceum, obtained from the Cen- 
tral Bureau for Fungus Cultures, Delft, Holland, and a strain of 7. dis- 
coides isolated in Uruguay, kindly furnished by Dr. J. Mackinnon. The 
vitamin requirements of this last strain have been studied and reported 
by Robbins, Mackinnon, and Ma.!° Synthetic, vitamin-free mediums were 
used. A basal broth was prepared as follows: a mixture of 2.0 gm. aspara- 
gine (recrystallized 3 times), 0.1 gm. MgSO,-7H20, 50 gm. dextrose (C.P.), 
and 100 cc. Sorenson’s phosphate mixture (M/15 KH2PO, and NasHPO, 
at pH 7.0) is made to a liter with distilled water and sterilized. This 
medium, designated as ‘Basal Broth A,” with or without 1.5 per cent 
purified agar (purified according to the method of Robbins'’) was used as 
such and in various other forms (modified by substituting other sources of 
nitrogen for the asparagine) in the following vitamin studies. 


A. Qualitative Studies on Basal Agar with Vitamin Additions 


“Basal Agar A” was prepared by adding 1.5 per cent purified agar to 
the asparagine broth, “Basal Broth A,” previously described. The final 
pH of the autoclaved medium varied between 6.8 and 7.0 and maintained 
this range after the various vitamin additions. Filtered vitamin solutions 
were prepared at the beginning of each experiment, and equal volumes of 
vitamin solutions, containing vitamins in varying concentrations and com- 

_binations, were added to tubes containing 10 cc. of the melted and partially 
~ cooled agar, which were then rotated and slanted. 

Washed inoculum was prepared from growth in heart infusion broth 
(“Difco”). It was found necessary to wash the mycelium four to five times 
with sterile distilled water before all traces of the broth medium were re- 
moved. However, even after many washings, a tiny shred of mycelium 

~ always carried sufficient nutriment so that a small amount of growth on the 
control basal agar tubes could be detected. This “fuzzing”’ of the inoculum 
was found to be advantageous, as proof was thus afforded that the inoculum 
was alive. Growth of one millimeter or less was considered negative. All 
cultures were allowed to grow at room temperature for 10 weeks. 

Twenty strains of faviform trichophytons were tested for ability to grow 
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on the basal agar as well as on basal agar with various vitamin additions. 
The results indicated that: (1) seventeen of the strains had similar vitamin 
requirements, namely, inositol and molecular thiamine; (2) one strain, ¥ 18, 
required pyridoxine in addition to inositol and molecular thiamine; and 
(3) two strains, ¥19 and #20, showed no essential vitamin requirements, 
growing equally well on the basal agar with or without vitamin additions. 
(For descriptions of these strains consult, “List of Strains.’’) 

1. Seventeen strains which require inositol and thiamine. This group in- 
cludes 16 recently isolated strains as well as a stock strain, #17, T. dis- 
coides (Papegaay) obtained from the Central Bureau for Fungus Cultures, 
Holland. These strains showed morphological and cultural characteristics 
typical of 7. faviforme of the album, discoides, and ochraceum varieties. 

For these strains, inositol has some effect alone, but thiamine is effective 
only in the presence of inositol. Pyridoxine has no effect alone or when 


_ Freure 10. | Trichophyton faviforme, strain #11, which requires inositol and thiamine for growth. Addi- 
tion of pyridoxine and ‘“‘vitamin mixture”’ does not change the amount of growth. 


added to medium containing super-optimal amounts of inositol and thi- 
amine. None of the other vitamins tested, included in ‘“‘vitamin mixture’”’ 
(calcium pantothenate, 100 gamma per cc., riboflavin, 100 gamma per cc., 
nicotinamide, 100 gamma per cc., biotin 0.05 gamma per cc., para-amino- 
benzoic acid, 100 gamma per cc., choline chloride 100 gamma per cc., and 
folic acid 100 gamma per cc.), showed any effect when tested singly or in 
all possible combinations or when added with super-optimal doses of inositol 
and thiamine (FIGURE 10). 

Inositol was not effective for certain strains in amounts less than 10 
gamma per cc. The amount of growth with 10 gamma per cc. was very 
small and for the most part subsurface. It was always definitely more 
growth than on control tubes, however, and is recorded as one plus. Fur- 
ther increase in the inositol did not increase the amount of growth. Asa 
result of these findings, 100 gamma of inositol (ten times the amount which 
showed this effect) was used as a super-optimal dose to produce the maxi- 
mum effect of this vitamin in this medium. 
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Thiamine showed no effect alone at a concentration of 0.5 gamma per 
cc. or even when increased to 500 gamma per cc. In the presence of a 
super-optimal dose of inositol, however, 0.5 gamma of thiamine per cc: 
had as much effect as a larger dose of this vitamin, producing a four-plus 
growth of all strains. Five gamma of thiamine per cc. was taken as a 
super-optimal dose of this vitamin. 

2. Strain ¥18, Which Requires Inositol, Thiamine, and Pyridoxine. 

. Strain *18, T. discoides (Mackinnon), was shown to require pyridoxine 
in addition to inositol and thiamine. This is in accordance with the find- 
ings of Robbins, Mackinnon, and Ma,!° who studied this strain. Inositol 
showed a very slight effect alone when present in a dosage of 10 gamma per 
cc. or more, but neither thiamine or pyridoxine showed any effect unless in 
the presence of both of the other essential vitamins. In the presence of 
super-optimal doses of inositol and thiamine, 0.5 gamma of pyridoxine 


TABLE 1. 


QUALITATIVE GROWTH STUDIES witH T. faviforme ON ASPARAGINE BasAL 
AGAR WITH VITAMIN ADDITIONS 


Inositol, Soe te : 
Thia- | Pyri- |Inositol|Inositol| thia- |”. mine, & | Basal 
Strains mine | doxine | 100y/ | & thia- | mine, & PyE- pyri- agar 
5y/cc. | 5y/ce. en mine pyri- doxine + doxine +| (control) 
ee. SONEGININ Nice tage - 
ONE | atiiye?) vokamnin 
Mixture 
X1-¥17 0 0 1+ 4+ 4+ 0 4. 0) 
*18 0 0 tle ise 4+ 0 44 0 
*19 and #20) 44+ 4+ 4+ 4+ 4 4-- 4+ 4+ 


(1) Amount of growth is indicated by 1 + (extends 2 to 5 mm. from inoculum, and is largely subsurface) 
and 4 + (heavy growth over the larger part of the slant). 
(2) “Vitamin mixture”: (gamma per cc.), pantothenate 100, riboflavin 100, biotin 0.05, nicotinamide 100, 
para-aminobenzoic acid 100, choline 100, and folic acid 100. 
(3) For descriptions of strains listed, consult, “List of Strains.” 


produced as much effect as a larger dose of this vitamin, producing a four- 
plus growth of this strain. Five gamma per cc. was used as a super-optimal 
dose. None of the vitamins included in the ‘“‘vitamin mixture” showed any 
effect when tested alone or in all possible combinations or when added with 
_super-optimal amounts of inositol, thiamine, and pyridoxine (FIGURE 11). 
~ 3. Strains ¥19 and * 20, Which Showed No Essential Vitamin Require- 
ments. In contrast to all the other strains, ¥19, 7. album (Baudet and 
Stuhmer), and ¥20, 7. ochraceum (Boedijn), stock strains obtained from 
the Central Bureau for Fungus Cultures, Holland, were found to have no 
essential vitamin deficiencies and grew well on the basal agar. No stimula- 
tion was observed following the addition of inositol, thiamine, pyridoxine, 
or any of the vitamins included in “vitamin mixture.” 

For all of these strains, the basal agar alone (or basal agar with supra- 
optimal amounts of required vitamins) was not able to produce growth 
comparable to that obtained on certain natural mediums. Addition of 
peptones, heart infusion, Bacto-tryptose, yeast, or liver extracts to the basal 
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agar not only replaced the essential vitamins, where these were required, 
but in all cases produced a heavier and more rapid growth. This suggests 
that there are other important nutritional factors required to produce 


maximum growth. 


j 


Ficure 11. Trichophyton discoides (Mackinnon) strain ¥18 which requires pyridoxine in addition to 
inositol and thiamine. 


FIGURE 12. Trichophyton faviforme strain ¥8 which requires inositol and thiamine for growth. The 
thiamine must be present in the molecular form and cannot be replaced by thiazole, pyrimidine, or a combina- 
tion of these two. Oxalacetate shows no action. 


4. Influence of Different Nitrogen Sources on the Vitamin Requirements. 
Ammonium chloride, 0.5 gm. per liter, was substituted for asparagine in 
the basal agar. (This medium is designated as ‘Basal Agar B.”’) Also, 
a basal agar was prepared in which 0.05 per cent of vitamin-free casein 
hydrolysate (‘“Smaco’’) was used in place of asparagine (‘Basal Agar C”’). 
On both of these mediums, the essential vitamin requirements of the strains 
studied were found to be the same as on “Basal Agar A,” which contained 
asparagine as the nitrogen source. None of the strains except #19 and 
* 20 would grow on these mediums unless the essential vitamins, inositol 


and thiamine (or inositol, thiamine, and pyridoxine in the case of strain 
* 18), had been added. 
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Although all of the strains apparently could utilize the inorganic nitrogen 
present in the ammonium chloride medium, the growth was very scant and 
did not compare with growth obtained when either asparagine or casein 
hydrolysate were present. 

5. Use of Component Parts of the Thiamine Molecule. It has been re- 
ported!® that the Mackinnon strain of 7. discoides requires intact thiamine 
and cannot utilize pyrimidine or thiazole separately or in equimolar com- 
bination. It was of interest to determine whether the other strains studied 
in this series were similar in this respect. 

Pyrimidine, as 2 methyl 5 ethoxy methyl-6 amino pyrimidine, and 
thiazole, as 2 amino thiazole, were added singly and in combination, 300 
gamma each, to the basal agar tubes with inositol. Growth on all tubes 
was very meager and comparable to that obtained with inositol alone. 
Thus, these thiamine requiring strains were shown to need the intact mole- 
cule which could not be substituted for by either pyrimidine or thiazole or 
a combination of the two. The experiment was controlled by including 
in the protocol two thiamine-requiring fungi, Phytopthora cinnamomi, which 
requires the intact molecule, and Phycomyces blakesleeanus, which is able 
to synthesize thiamine from thiazole and pyrimidine. It was also shown 
that oxalacetate will not substitute for thiamine (FIGURE 12). 


B. Characteristics of the Growth on Basal Agar with Added Vitamins. 


As described above, none of the vitamin-deficient strains produced any 
growth beyond a slight fuzzing of the inoculum on the vitamin-free basal 
agar with asparagine, casein hydrolysate, or ammonium chloride as nitro- 
gen source. With the addition of inositol, 10 gamma per cc., a small 
amount of growth was produced in all cases. This was largely submerged 
and consisted of fine, branching mycelium extending into the medium for a 
distance of 2 to 5 millimeters. 

The addition of thiamine to the basal medium containing inositol greatly 
altered the character as well as the amount of the growth. The seventeen 
strains which required inositol and thiamine produced vigorously growing 
colonies on this medium. The growth was compact and heavy and was 
generally covered with a thick, white, fluffy, aerial mycelium. The myce- 
lium appeared more regular than on Sabouraud’s dextrose agar, and the 
- number of chlamydospores was greatly reduced. The production of re- 
productive spores varied greatly with the strain. All of the strains showed 
microconidia and, in some strains, the aerial mycelium was loaded with 
them (FIGURE 13). On the whole, they were more numerous than on rice 
grains, on which medium these structures have been described in detail 
_ previously. Macroconidia were produced in small numbers by all of the 
strains on the vitamin-enriched basal agar. They were characteristically 
very small and delicate. Two strains produced macroconidia in great 
abundance on the basal agar with inositol and thiamine. These were long 
and slender, with long tapering ends, a characteristic bean pod-like struc- 


ture (FIGURE 14). 
Strain ¥18, 7. discoides (Mackinnon), showed very little growth on the 
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basal agar containing inositol and thiamine, the amount of growth being 
the same as when inositol was present alone. Addition of pyridoxine, 
however, to the medium containing supra-optimal doses of inositol and 
thiamine, stimulated this strain to grow vigorously and to produce colonies 
which were comparable to those produced by the other strains on basal 
agar with inositol and thiamine. Both microconidia and a few irregular 
macroconidia were seen. 

Strain * 19, 7. album (Baudet and Stuhmer), grew on the basal mediums 
without vitamin additions. Growth on these mediums, however, was al- 
most always completely glabrous. The colonies were raised and heavily 
folded, frequently being ballooned-out so that the inner areas were hollow. 
The growth was dry and crumbly and consisted of masses of chlamydo- 
spores and fragments of irregular, faviform hyphae. No microconidia or 
macroconidia were ever seen on this medium. Additions of vitamins— 
large amounts of thiamine, inositol, and pyridoxine, as well as all the vita- 
mins included in “‘vitamin mixture”—had no effect in increasing the amount 
or changing the character of this growth. 

Since this strain was autotrophic for the vitamins, in contrast to the 
heterotrophy exhibited by the strains described above, a study was made of 
its colonial and microscopic morphology to determine whether it could be 
set apart on this basis also. It was found to differ in the following ways: 
(1) it grew at a faster rate, producing a thick colony with many foldings 
which reached a diameter of 80 millimeters in 6 weeks; (2) it was habitually 
covered with a downy, white aerial growth even on the simple sugar me- 
diums; (3) the growth was only slightly stimulated by the various enrich- 
ments added to the sugar mediums; and (4) it produced microconidia in 
greater abundance than did any other strain. It seems probable that all 
of these characteristics may be reflections of the fact that this organism is 
autotrophic for the vitamins, as the other strains show these same charac- 
teristics when grown on basal agar supplied with optimal amounts of the 
vitamins which they require. The completely glabrous, degenerate type 
of growth which is produced on basal agar, however, suggests that, although 
this organism is autotrophic for the vitamins studied, it is lacking in ability 
to produce some other substances present in natural mediums which are 
necessary for good growth and the production of spores. Our results indi- 
cate that this deficiency cannot be overcome by large amounts of any of 
the vitamins tested or by casein hydrolysate. 

A similar glabrous growth on the basal agar, even in the presence of large 
quantities of vitamins and casein hydrolysate, is also characteristic of six 
strains of I. schoenleini which we have studied. The close relationship 

of strain *19 to ZT. schoenleini will be discussed later. 
Strain * 20, T. ochraceum (Boedijn), also grew well on the basal agars 
and was not stimulated by any of the vitamins tested. Some increase in 
amount of growth was observed on the enriched mediums. On all mediums, 
this strain produced a completely glabrous, raised cerebriform to highly 
verrucose colony which at first appeared a light tan but later developed a 
grey or dark brown pigment, especially in the center of the colony. Micro- 
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scopically, it consisted of a faviform type mycelium and large numbers of 
chlamydospores. This strain, obtained from the fungus collection in Hol- 
land, has apparently lost the ability to produce the yellow-ochre pigment 
described by Sabouraud for this species. It has also lost the ability to 
produce a downy culture with spores on whole grain mediums, described 
by Lebasque.* Although this strain showed no essential vitamin deficien- 
cies, there seems to be no reason to consider it as distinct from two strains 
of T. faviforme (variety ochraceum) which we have isolated, which require 
thiamine and inositol and produce downy cultures with spores on vitamin 
enriched mediums. 


C. Quantitative Studies in Basal Broth with Vitamin Additions 


Using the buffered “Basal Broth A,” containing dextrose, magnesium 
sulfate, and asparagine, several of the strains were studied in order to de- 
termine the quantitative effect of addition of the essential vitamins and to 
compare the maximum growth obtained. on vitamin-enriched synthetic 
medium to that of a natural medium, heart infusion broth (“‘Difco’’). 

The “Basal Broth A” was prepared, adjusted to pH 7.0, and sterilized 
by filtration. Fifty cc. amounts were placed in 150 cc. Erlenmeyer flasks, 
and the freshly prepared vitamin solutions were added in excess (supra- 
optimal amounts): inositol 100 gamma per cc., thiamine 5 gamma per CCc., 
and pyridoxine 5 gamma per cc. Other vitamins included in “vitamin 
mixture”’ were added singly and in all combinations in comparable amounts. 

Three of the inositol- and thiamine-deficient strains were studied in this 
experiment: strains ¥1 and *5, isolated in Pennsylvania, and #17, T. dis- 
coides (Papegaay), a stock strain from Holland. On Sabouraud’s dextrose 
agar, strain ¥1 habitually produced the album variety of colony; while 
strain ¥ 5 was of the discoides variety. Also studied in this series was strain 
#18, T. discoides (Mackinnon), which required pyridoxine in addition to 
inositol and thiamine, and strain *19, 7. albwm (Baudet and Stuhmer), 
a stock strain from Holland which had not shown any vitamin deficiencies. 

The flasks were inoculated with tiny shreds of washed mycelium, prepared 
as described above, and the cultures allowed to grow at room temperature, 
being shaken at intervals in order to keep the growth of a uniform submerged 
type. After 10 weeks, the entire contents of the flasks were filtered through 
previously weighed scintered glass filter cups. The retained mycelium was 
washed with at least 200 cc. of distilled water and packed into a compact 
mass on the bottom of the cup. The cups were dried in a constant-tempera- 
ture oven at 110°C. for two hours and, after cooling, reweighed on an analyti- 
cal balance. The weight of the mycelium was calculated. All glassware 
was cleaned with acid cleaning solution, rinsed well in distilled water, and 
sterilized by dry heat. TAsLE 2 gives a summary of these tests. 

None of the vitamin-deficient strains showed any growth in the basal 
broth beyond a small amount of fuzzing which indicated that the inoculum 
was alive. Strain ¥ 19 produced considerable growth, approximately 28.23 
mg. (average of 6 tests). The single vitamins or the vitamin combinations 
showed no stimulating effect on this strain, and approximately the same 
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average amount of growth occurred in flasks with and without added vita- 
mins. The increased growth in the heart infusion broth as compared to the 
growth in the basal asparagine broth may be attributed to the presence of 
a larger supply of available nitrogen or the presence of unknown growth 
factors which cannot be identified with any of the vitamins studied. 

Growth of the vitamin-deficient strains corresponded well with the re- 
sults obtained on the basal agar slants in the previous experiment. The 
three strains studied which had shown growth with inositol and thiamine, 
#1, #5, and #17, showed even more clearly here that these vitamins were 
required and that addition of pyridoxine, as well as the other vitamins 
tested, had no effect on the amount of growth produced. The small amounts 
of growth produced by inositol alone, never more than 2 mg., corresponded 
to the small amount of subsurface growth which had been observed on the 
basal slants containing this vitamin. 

Strain #18 was again shown to require pyridoxine in addition to inositol 
and thiamine. The small amount of growth produced by inositol alone 
was less than 2 milligrams. None of the other vitamins tested had any 
effect on the amount of growth produced. 

All of the strains showed considerable increase in growth in the flasks 
containing heart infusion broth. However, even more growth could be 
obtained with the vitamin-deficient strains when super-optimal amounts 
of the required vitamins (based on the dosages of these vitamins which 
would produce maximum growth in the basal asparagine medium) were 
added to the heart infusion broth. This indicated that the required vita- 
mins were not present in sufficient amounts to produce maximum growth in 
this medium. As Schopfer and Blumer'’’ have shown for Phycomyces 
blakesleeanus, the action of the vitamins is dependent on the medium. By 
increasing the protein content, the optimal dosage of required vitamins is 
raised and the production of dry matter is increased. 

Titrations were made in asparagine basal broth in order to determine the 
smallest amounts of the essential vitamins which would permit growth of 
several of the strains studied. 

‘Basal Broth A” was placed in 10 cc. amounts in test tubes (150 X 18 
mm.) and sterilized by autoclaving. The vitamin to be titrated was added 
aseptically in a volume of 10 cc. to one of these tubes, mixed, and serially 
diluted through a series of 30 tubes, the amount of vitamin thus being halved 
by each transfer. Four titrations were carried out for each of the four strains 
studied and these were done in duplicate: (1) titration of inositol alone; (2) 
titration of inositol in the presence of thiamine (1 cc. of a standard thiamine 
solution being added to each tube at the completion of the dilution procedure, 
giving a final concentration of 5 gamma per cc.); (3) titration of thiamine in 
the presence of inositol (1 cc. of a standard inositol solution being added 
to each tube at the completion of the dilution procedure, giving a final 
dilution of 100 gamma per cc.); and (4) titration of pyridoxine in the presence 
of thiamine and inositol. Control tubes contained basal broth alone and 
basal broth with each vitamin singly and in all combinations in supra- 
optimal amounts. All tubes were brought to equal volume with sterile 
distilled water. 
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Strains ¥1, #5, #18, and 19 were chosen as test organisms. Inocula- 
tions were made with minute pieces of washed mycelium and the cultures 
were allowed to grow at room temperature for 6 weeks. The results are 
summarized in TABLE 3, 7 

None of the vitamin-deficient strains grew in basal broth control tubes 
or in tubes containing only thiamine and pyridoxine. Some growth oc- 
curred in tubes containing inositol alone. The end point of growth was 
clear cut in all cases and occurred for strain 1 in a dilution containing 
9.75 gamma per cc., for strain *5 at 1.22 gamma per cc., and for strain 

#18 at 4.8 gamma per cc. Growth in tubes containing inositol was rep- 
resented by small balls of fluffy growth in the bottoms of the tubes—never 
more than 2 milligram dry weight. Increasing the amount of inositol did 
not produce a corresponding increase in the amount of growth. 


TABLE 3. 


SMALLEST AMOUNTS OF THE EssENTIAL Vitamins. WHICH WILL ALLOW THE 
GrowrtH oF 7. faviforme IN ASPARAGINE BASAL BROTH 


Thiamine (in the Pyridoxine (in the 
Strain Inositol presence of excess 3 ae aan 
inositol—100y /cc.) thcieenee ox foes 
gamma per Cc. gamma per cc. gamma per cc. 
¥1 9.75 0.002 no effect of pyridoxine 
observed 
*5 EI. 0.004 no effect of pyridoxine 
observed 
| 
x18 4.8 no effect of thiamine | 0.002 
observed 
* 19 no effect of inositol ob-| no effect of thiamine | no effect of pyridoxine 
served | observed observed 


For strains *1 and X5, the presence of super-optimal amounts of thi- 
amine greatly increased this growth, and the same dilutions of inositol which 
had shown only a small, fluffy ball at the bottoms of the tubes were filled 
_with mycelium. Growth fell off sharply, however, at the same dilutions of 
inositol as it had when inositol had been present alone. The action of 
inositol seems to be concerned with the initiation of growth and develop- 
ment of the mycelium to a certain point only. In the presence of thiamine, 
the same minimal amounts of inositol are required to initiate the growth, 
but the development of the mycelium continues with greater utilization of 
the medium. 

No growth of any of the strains was obtained with thiamine alone, even 
in dilutions containing 625 gamma per cc. In the presence of supra-optimal 
doses of inositol, however, heavy growth of strains ¥1 and 5 occurred in 
all tubes containing 0.02 gamma or more thiamine per cc. In succeeding 
dilutions, which contained less and less thiamine, the growth could be seen 
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to decrease gradually in amount, the end point of the effect of this vitamin 
occurring in dilutions containing 0.002 and 0.004 gamma of thiamine per 
cc. Beyond these dilutions, only a small amount of growth occurred in all 
tubes which could be accounted for by the inositol present, which, as shown 
above, has some action on these strains without thiamine. Thus, thiamine 
alone showed no action on the growth of these strains. But, in the presence 
of inositol, the amount of growth was roughly proportional to the amount 
of thiamine present until a maximum amount of growth for this medium 
was obtained. 

Titration of pyridoxine in the presence of inositol and thiamine did not 
give any evidence of stimulation by this vitamin except for strain * 18, 
which has been shown to require pyridoxine.'? With this strain, heavy 
growth occurred in all tubes containing 0.01 gamma or more of pyridoxine 
per cc. In succeeding dilutions, which contained less and less pyridoxine, 
the growth could be seen to decrease gradually in amount, the end point of 
the effect of this vitamin occurring in a dilution containing 0.002 gamma of 
pyridoxine per cc. The very small amounts of growth which occurred in 
all tubes beyond this dilution could be accounted for by the inositol pres- 
ent, which has some effect by itself. 

Strain *19, which had not been shown to be vitamin-deficient ‘by pre- 
vious methods, grew equally well in all tubes, thus showing no stimulation 
by any of the vitamins tested. This strain was also tested using dilutions 
of biotin in the “Basal Broth A” and also in “Basal Broth B”’ in order to 
determine whether biotin had any effect as reported by Schopfer and Blu- 
mer” for a strain of T. album. No effect of biotin, either in asparagine 
basal broth or in ammonium chloride basal broth, was observed. 


Part III. Growth Characteristics of Other Species in the Faviform Trichophyton 
Group 


A brief survey was made of other species in the faviform trichophyton 
group in an attempt to relate these forms on the basis of their cultural 
characteristics and nutritional requirements. The following strains were 
studied: (1) six strains of T. schoenleini recently isolated from cases of favus, 
and (2) several cultures obtained from the Central Bureau for Fungus 
Cultures, Holland: T. immergens (Milochevitch), Favotrichophyton decipiens 
oie and Verbunt), 7. bullosum (Lebasque), and T. equinum (Ge- 

oelst). 


A. Trichophyton schoenleini 


The six strains of T. schoenleini studied showed cultural characteristics 
typical of those described for this species. On Sabouraud’s dextrose and 
maltose agar, these strains produce slow-growing, heaped, and folded 
colonies which are at first largely glabrous, but later usually develop 
some white powder and in some areas a short white down. ‘Irregular, 
branching mycelia grow in the depths of the medium and form ragged edges 
about the raised colonies. The colony type is variable, a single strain show- 
ing reversible changes from completely glabrous to downy colonies re- 
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_ sembling, in this respect, the colonial variations shown for single spore cul- 
tures of T. faviforme (var. albwm, discoides, and ochraceum). Bacterial 
contamination of the medium, particularly with the staphylococcus, stim- 
ulates the growth of T. schoenleini so that more white powder and down are 
obtained. Growth on mediums enriched with heart infusion, Bacto-tryp- 
tose, yeast, or liver extracts caused some increase in the amount of growth, 
the colonies being heavier and more folded and often showing a raised, 
regular border. Microscopically, the growth on both the Sabouraud’s 
dextrose agar and the enriched mediums was composed of thick, irregular, 
highly branched mycelium (“chandeliers”) and many chlamydospores. Mi- 
croconidia were extremely rare, except on rice grains, where they were found 
in small numbers. They were small and pyriform and appeared similar 
to those seen in other trichophyton species. Macroconidia were not ob- 
served on any medium. 

All six strains of T. schoenleini were able to grow on basal agars with am- 
monium chloride, asparagine, or casein hydrolysate as nitrogen source. 
On these basal agars, they produced completely glabrous, much folded, 
ballooned-out colonies which became tan to dark brown with age and were 
dry and crumbly. They consisted of irregular fragments of twisted hyphae 
and many highly irregular chlamydospores. The amount of growth on the 
basal mediums varied considerably with the strain, two of which grew 
rather feebly on these mediums. Addition of large amounts of the vita- 
mins studied had no effect in changing the character or increasing the 
amount of the growth of any of these strains. Although these strains of 
T. schoenleini appear to be completely autotrophic for the vitamins studied, 
the completely glabrous, degenerate, and in some instances very meager 
growth which several of the strains produce on the basal agars suggests that 
they are lacking in ability to produce some other substances present in 
natural mediums which are necessary for good growth and spore produc- 
tion (FIGURE 15). 

In all respects, except for their slower and usually more glabrous growth 
and poor ability to produce microconidia, these 7. schoenleini strains re- 
sembled quite closely strain ¥19, T. album (Baudet and Stuhmer), pre- 
viously described. 


B. Trichophyton immergens 


T. immergens is described by Milochevitch’’ as follows: “On Sabouraud’s 
glucose medium it produces an irregular greyish colony with elevated cen- 
ter and is covered with a short, scant, white down. Around the center 
there is a large zone of immerging rays, large and uneven. The reverse 
__ side of the colony is a bright, clear yellow.” On maltose agar a fluffy white 
aerial growth is described. The aerial growth consists of sterile mycelium 
and the submerged growth shows a faviform hyphae and many chlamydo- 
spores. By growing the cultures on kernels of corn, Milochevitch obtained 
microconidia, en thyrse and en grappe, but no macroconidia. The lesions 
produced are usually of a deep suppurative type, but typical favic scutulae 
have been described in several cases of infection due to this organism. 
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The strain of 7. immergens obtained from the stock collection in Holland 
produced colonies similar to those described by Milochevitch. No stimula- 
tion of growth was observed on enriched mediums and no microconidia or 
macroconidia were obtained, the strain appearing to have become completely 
pleomorphic. The growth on the basal agars was similar in all respects 


Ficure 15. Trichophyton schoenleini: tube *16—growth on basal asparagine agar; tube #14—growth on 
basal asparagine agar plus inositol, thiamine, and pyridoxine; tube #*10—growth on basal asparagine agar 
plus ‘‘vitamin mixture;’’? tube #17—growth on basal asparagine agar plus inositol, thiamine, pyridoxine, 
and “‘vitamin mixture.” 


FicurE 16. Trichophyton equinum (Boedijn) requires nicotinic acid for growth. This can be substi- 
tuted for by nicotinic amide or 1-tryptophane. 


to the growth on both the simple sugar mediums as well as on the enriched 
mediums. Thus, no deficiencies could be detected in this strain. 


C. Favotrichophyton decipiens 


Favotrichophyton decipiens (Boedijn and Verbunt), also obtained from 
the fungus collection in Holland, produced a flat, greyish colony with a 
small raised center and many fine radial grooves. The colony was covered 
with a scant but long greyish decumbent aerial mycelium. Microscopically 
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pit consisted of a faviform mycelium and many chlamydospores. No stimu- 
lation of growth was observed on enriched mediums and no microconidia 
or macroconidia were obtained—this strain apparently had also become 
pleomorphic. The growth on the basal agars was similar in all respects to 
the growth on both the simple sugar mediums as well as on the enriched 
mediums. Thus, this strain also showed no apparent deficiencies. 


D. Trichophyton bullosum 


T. bullosum was described by Lebasque’ as a very slow-growing, glabrous 
culture with a highly irregular surface tending to show dome-shaped pro- 
trusions. Microscopically, it consisted of faviform hyphae and many chla- 
mydospores. Lebasque obtained downy cultures on the natural mediums 
and both microconidia and macroconidia were described. 

The strain of T. bullosum obtained from the fungus collection in Holland 
produced cultures resembling those described by Lebasque. It never formed 
a downy culture, however, and no microconidia or macroconidia were ob- 
tained on enriched or whole grain mediums. This strain would not grow 
on any of the basal agars and was not stimulated by large doses of any of 
the vitamins used in these studies. Further study is being made to deter- 
mine the essential growth requirements of this organism. 


E. Trichophyton equinum 


T. equinum (Gedoelst) is described by Lebasque® as a large-spored ecto- 
thrix organism obtained from cattle or horses which produces a downy to 
fluffy culture on the usual laboratory mediums. The fluffy growth, as in 
the case of T. immergens, consists of sterile hyphae. By growing the 
culture on whole grains, Lebasque obtained large numbers of microconidia 
and macroconidia in the 12 strains which he studied. 

The strain of T. equinum obtained from the fungus collection in Holland 
showed a white, fluffy growth of sterile mycelium on the simple sugar mediums, 
as well as on the enriched mediums, and produced a bright yellow pigment 
on the reverse side of the colony. Only a few microconidia and an occasional 
macroconidium were observed on rice grains. The organism would not 
grow on “Basal Agars A and B,” which contained asparagine and ammonium 
chloride. However, a very small amount of submerged growth was ob- 

_tained on the “Basal Agar C,” which contained casein hydrolysate. By 
~ adding various vitamin solutions to the basal mediums, it was found that 
good growth occurred when either nicotinic acid or nicotinamide was added. 
Growth on the nicotinic acid-enriched basal agars was white and fluffy and 
composed of sterile hyphae, thus resembling the growth of this organism 
on other mediums. No stimulation of spore production or further stimula- 
tion of growth was obtained by adding large doses of inositol, thiamine, 
pyridoxine, or any of the vitamins included in “vitamin mixture,” to the 
basal agars enriched with nicotinic acid. Also, none of these substances 
could substitute for nicotinic acid or nicotinamide. 

The fact that a small amount of growth occurred on “Basal Agar C”’ 
suggested that either the casein hydrolysate was contaminated with small 
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amounts of nicotinic acid or one of the amino acids present in casein might 
have stimulating properties for this organism. It was found that |-trypto- 
phane had this property, and that, when added to “Basal Agars A or B,” 
good growth of T. equwinum could be obtained even in the absence of nico- 
tinic acid or nicotinamide (FIGURE 16). d-Tryptophane was found to be 
inactive. The type of growth obtained with |-tryptophane was similar in 
all respects to that obtained when nicotinic acid was present. The com- 
bination of nicotinic acid and tryptophane did not change the character 
of this growth. 

Titrations were made in ammonium chloride basal broth to determine 
the smallest amount of nicotinic acid, nicotinamide, or |-tryptophane which 
would permit the growth of the strain of T. equinum studied. Results of 
the titrations were as follows: (1) both nicotinic acid and nicotinamide were 
active to a dilution containing 0.05 gamma per cc. and no growth occurred 
in higher dilutions, and (2) l-tryptophane was active in a dilution contain- 
ing 125 gamma per cc. and no growth occurred in higher dilutions. 

This substitution of an amino acid for nicotinic acid suggests the possi- 
bility of tryptophane as a precursor for this vitamin growth factor. Krehl 
et al.,2° in their studies of the pellagragenic effect of corn, were the first to 
show a possible interchangeable role of these two substances. Later ex- 
periments by Rosen et al.”! and those of Sarett and Goldsmith” indicated 
that tryptophane may be an important precursor of nicotinic acid in rats 
as well as in humans and may explain the antipellagragenic activity of 
certain foods such as milk, which is low in nicotinic acid but rich in protein. 
Bonner and Beadle” have recently described three X-ray mutants of neuro- 
spora which require nicotinic acid for growth. On the basis of their studies, 
Woolley™ has postulated that, if tryptophane is a precursor of nicotinic acid 
in neurospora, it must be three enzymatic steps removed from the vita- 
min. 

The possibility that tryptophane may be the essential factor required by 
T’. equinum, with nicotinic acid functioning in some enzyme system neces- 
sary for the production of this amino acid, is also to be considered. 

According to Schopfer,”® no naturally occurring fungi have been reported 
to require nicotinic acid. Further strains must be obtained and studied 
before it can be determined whether this requirement reported here for a 
strain of T. equinum is characteristic for this species. 


Summary and Conclusions 


(1) As a result of morphological and cultural studies employing single- 
spore strains of recently isolated faviform trichophytons, as well as a study 
of the growth requirements of these strains, it seems apparent that T. 
album, discoides, and ochraceum are variants of a single species. We propose 
that they be classified as T. faviforme (varieties: album, discoides, and 
ochraceum). 

(2) On the usual sugar mediums, growth was very slow and meagre and 
of the glabrous, nonsporulating type characteristic of the faviform group. 
However, cultures on enriched and whole grain mediums demonstrated 
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_ that these strains could produce vigorously growing, downy to fluffy colonies 
with a regular mycelium and microconidia and macroconidia characteristic 
of the Trichophyton group. 

(3) Synthetic, vitamin-free mediums were used as a basis for studies of 
the vitamin requirements of the recently isolated as well as stock strains of 
T. faviforme (var. album, discoides, and ochraceum). A group of closely re- 
lated species were included in these studies. One may postulate that a 
gradual loss of synthetic abilities has occurred in this group of organisms 
as suggested by the following findings: 

(a) Autotrophic strains such as T. immergens (Milochevitch) and Favo- 
trichophyton decipiens (Boedijn and Verbunt), two members of the group 
which produce slightly downy cultures on the usual mediums, grow as well 
on chemically defined, vitamin-free mediums as on natural mediums. How- 
ever, these strains require certain substances present in natural products in 
order to produce spores. This deficiency cannot be overcome by large 
amounts of any of the vitamins studied or by casein hydrolysate. 

(6) Autotrophic strains such as six strains of T. schoenleini studied and 
two stock strains, 7. album (Baudet and Stuhmer) and T. ochraceum (Boe- 
dijn), although able to grow to some extent on synthetic, vitamin-free 
mediums, produce completely glabrous, degenerate colonies on these medi- 
ums. On certain natural mediums, they produce a more luxuriant, regular 
growth with aerial mycelium and spores. Here again, the deficiency cannot 
be overcome by large amounts of any of the vitamins studied or by casein 
hydrolysate. 

(c) A partially heterotrophic strain classified as T. album has been shown 
by Schopfer and Blumer” to have the ability to grow very slightly in a 
vitamin-free medium. They found, however, that its growth could be 
greatly stimulated by a combination of biotin, inositol, thiamine, and pyri- 
doxine. They were able to substitute a combination of pyrimidine and 
thiazole for the thiamine growth factor. 

(d) A heterotrophic strain, T. equinum (Gedoelst), was found to require 
one vitamin, nicotinic acid or the closely related compound nicotinamide, 
in order to grow in a synthetic vitamin-free medium with either ammonium 
chloride or asparagine as nitrogen source. The vitamin requirement, how- 
ever, can be dispensed with in the presence of |-tryptophane. This substi- 
tution of the amino acid for nicotinic acid or vice versa, suggests either that 
~ tryptophane may be a precursor of nicotinic acid in the metabolism of this 
fungus, or that nicotinic acid may function in some enzyme system necessary 
for the production of tryptophane. Further strains must be obtained and 
studied before it can be determined whether this requirement is charac- 
teristic of the species, 7. equinum. 

(e) Heterotrophic strains such as the sixteen recently isolated cultures of 
T. faviforme of the album, discoides, and ochraceum varieties as well as a 
stock strain, T. discoides (Papegaay), were shown to require two vitamins, 
inositol and thiamine, in order to grow in synthetic, vitamin-free mediums 
with ammonium chloride, asparagine, or casein hydrolysate as nitrogen 
source. The thiamine could not be substituted for by pyrimidine or thiazole 
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or a combination of these two component parts of the thiamine molecule. 
Inositol produced some effect alone, and seemed to be concerned with the 
initiation of growth and development of the mycelium only to a certain point. 
Thiamine showed no action alone, but, in the presence of an adequate sup- 
ply of inositol, it stimulated these strains to produce rapidly growing col- 
onies covered with a thick white aerial mycelium which contained micro- 
conidia and macroconidia typical of the trichophyton group. 

(f) A heterotrophic strain, T. discoides (Mackinnon), has been shown by 
Robbins, Mackinnon, and Ma?° to require three vitamins in order to grow 
on synthetic, vitamin-free medium with asparagine as nitrogen source. 
These are inositol, thiamine, and pyridoxine. The thiamine could not be 
substituted for by pyrimidine or thiazole or a combination of these two 
component parts of the thiamine molecule. These authors also showed 
that certain other substances present in natural mediums have a stimulat- 
ing effect on this strain. 

(g) A heterotrophic strain, T. bullosum (Lebasque), would not grow on 
any of the synthetic vitamin-free mediums and was not stimulated by the 
addition of large amounts of any of the vitamins studied or casein hydroly- 
sate. The growth requirements of this strain are undetermined. 

(4) Quantitative studies with the vitamin-deficient strains indicated that 
the amount of growth in the asparagine broth containing super-optimal 
amounts of the required vitamins did not in any case attain the value (dry 
weight of mycelium) obtained in a natural medium, heart infusion broth 
(“Difco”). It was further shown that the optimum requirements for the 
vitamins was dependent on the medium employed. 

The smallest amount of inositol which would allow growth in asparagine 
broth ranged between 1 and 10 gamma per cc. depending on the strain 
studied which required this vitamin. The amount of growth produced 
was never more than 2 mg. and could not be increased by further addition 
of inositol. 

The smallest amount of thiamine, in the presence of super-optimal 
amounts of inositol, which would allow growth-in asparagine broth ranged 
between 0.002 and 0.004 gamma per cc., depending on the strain which 
required this vitamin. As the thiamine was increased, a corresponding 
increase in amount of growth was observed. Maximum growth was ob- 
tained with 0.02 gamma of thiamine per cc. 

The smallest amount of pyridoxine, in the presence of super-optimal 
amounts of inositol and thiamine, which allowed growth in asparagine 
broth of the strain which required this vitamin was 0.002 gamma per cc. 
As the pyridoxine was increased, a corresponding increase in the amount of 
growth was observed. Maximum growth was obtained with 0.01 gamma of 
pyridoxine per cc. 

The smallest amount of either nicotinic acid or nicotinamide which would 
allow the growth of 7. equinwm in an ammonium chloride broth was 0.05 
gamma per cc. The smallest amount of l-tryptophane which would allow 


the growth of this organism in the absence of the vitamin growth factor 
was 125 gamma per cc. 
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(5) The close relationship of the faviform trichophytons to T. schoenleini 
has been shown, from the early morphological studies by Sabouraud and 
Bodin to the present study of growth factors. However, clarity in the 
literature and a better understanding of these organisms and the diseases 
which they produce may best be accomplished by distinguishing the favi- 
form trichophytons as a group separate from 7. schoenleini. This is pro- 
posed on the following basis: 

(a) The faviform trichophytons are, primarily, infectious agents which 
cause ringworm in cattle and other domestic animals, while T. schoenleini 
causes a specific disease, favus, which is usually transmitted from man to 
man. 

(6) The faviform trichophytons (with few exceptions) produce a deep, 
suppurative type of lesion in man. The parasitism of the hair is typically 
large-spored and ectothrix and the hairs are broken off close to their roots. 
This is in contrast to the usual scutular lesions produced by T. schoenleini 
and the endothrix invasion of the length of the hairs. 

(c) The faviform trichophytons are definitely stimulated by enriched or 
whole grain mediums with production of vigorous growth with microconidia 
and macroconidia. TJ. schoenleini strains show only slight stimulation on 
such mediums, and, when this occurs, we have observed only few micro- 
conidia and no macroconidia. 

(d) Of twenty strains of faviform trichophytons studied, eighteen showed 
essential vitamin deficiencies for inositol and thiamine and in one instance 
for pyridoxine as well. One member of the faviform group was shown to 
require nicotinic acid. None of the six strains of 7. schoenleini studied 
showed an essential vitamin deficiency, nor were any of the strains stimu- 
lated by large amounts of any of the vitamins studied. 

(e) One strain which we have studied, T. album (Baudet and Stuhmer), 
appears to be very closely related to T. schoenleini and possibly represents 
an intermediate stage between the vitamin-deficient faviform trichophytons 
and the T. schoenleini strains. This strain showed no vitamin deficiencies, 
but it lacked the ability to produce some other substances present in natural 
products which were required for vigorous growth and production of spores. 
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List of Strains 


Trichophyton faviforme (var. album, discoides, and ochraceum), 


Strains * 1-17, which require inositol and thiamine: 


(a) %1-X*8 Isolated from suppurative ringworm in farmers, Pennsylvania. 
Contact with infected cattle established in all cases. 
Colonies of three varieties: album, discoides, and ochraceum. 


(b) ¥9 Isolated by Dr. I. Seligman, Baltimore, Maryland. 
Patient presented a deep, suppurative lesion. 
Contact with infected animals not known. 
Colony of the album variety. 


(¢ 10-15 Isolated by Dr. R. G. Carney, Iowa City, Iowa. 
Patients presented different types of inflammatory lesions. 
Contact with infected cattle established in all but one case. 
Colonies of the album and discoides varieties. 


(d) *16 Isolated by Dr. S. Auchhiesiger, Quito, Equador. 
Cattle in this region are heavily infected with ringworm. 
Colony of the album variety. 


(e) #17 T. discoides (Papegaay). 
4 _ Stock strain, Central Bureau for Fungus Cultures, Holland. 
Strain #18, which requires inositol, thiamine, and pyridoxine: 
T. discoides (Mackinnon). 
Isolated by Dr. J. E. Mackinnon, Montevideo, Uruguay. 
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Strains *19 and 20, which showed no essential vitamin requirements: 
T. album (Baudet and Stuhmer). 
Stock strain, Central Bureau for Fungus Cultures, Holland. 
T. ochraceum (Boedijn). 
Stock strain, Central Bureau for Fungus Cultures, Holland. 
_ II. Related Species 


(a) Six strains of T. schoenleini recently isolated from favus cases by Miss M. E. 
Hopper, New York Hospital, N.Y. 


(6) The following stock strains from the Central Bureau for F ungus Cultures, Hol- 
land: 


T. immergens (Milochevitch)—Milochevitch. 


Favotricho phyton decipiens (Boedijn and Verbunt)—Boedijn. 
T. bulloswm (Lebasque)—L. P. 


T. equinum (Gedoelst)—Baudet. 


NEW INSIGHT GAINED IN GENERAL PATHOLOGY AND 
PRACTICAL MEDICINE BY THE STUDY 
OF SPOROTRICHOSES 


By Henri Gougerot* 


Professor of Dermatology and Syphilology, Medical Faculty of the University of 
Paris, France 


The first two cases of sporotrichosis observed were that of Schenck (the 
fungus of which was classified by Smith in 1898 as Sporothrix schenckt), 
followed by that of Hoekten and Perkins in 1900. By clinical analogy, 
these latter authors connected their case with a clinical observation of 
Brayton which was not examined bacteriologically. These three American 
cases had the form of an ascending, gummatous lymphangitis, and iodide 
therapy was apparently much less effective than in our European cases. 

These American observations were unknown in Europe, despite the fact 
that, in 1901, Foulerton presented an excellent summary of them before the 
Pathological Society of London. De Beurmann and the author were the 
first to take up this work in France, in 1906, and make it known there. 
The discovery of Sporotrichum beurmanni rescued the sporotrichoses from 
oblivion, and, thanks to this research, new cases in man and in horses were 
published in the United States after 1909 by Burlew, by Trimble and Shaw, 
by Page, Frothingham, and Paige, by Mohler, by Mervins-Hyde and Davis, 
by Duque (in Cuba), and by many others. 

The first case in France observed by de Beurmann and Ramond (1903), 
which was caused by an organism called Sporotrichum beurmanni by Matru- 
chot and Ramond in 1905, had been forgotten when, with de Beurmann, 
I had the good fortune to make new observations which formed the basis 
of my own later work. Dor, of Lyon, was the first to use the term, sporo- 
trichosis, in 1906. However, I proved later that his Sporotrichum dori was 
a Nocardia, and the mycologists confirmed this view. Consequently, up 
to the series of studies by de Beurmann and the author, three proven ob- 
servations were counted, namely, that of Schenck, of Hoekten and Perkins, 
and that of de Beurmann and Ramond. These isolated researches had not 
attracted any attention or following and remained unknown. It was not 
until the publication of the ten reports by de Beurmann and the author 
(between 1906 and 1911) that the problem of sporotrichosis was opened to 
serious discussion and its importance in general pathology and practical 
medicine pointed out. 

It is not the purpose, here, to repeat a review of the field, which has been 
published before,’ but to evaluate as completely as possible the new insight 
gained by the study of sporotrichosis in the above mentioned fields. 


Parasitology: General Mycology 
The genus Sporotrichum has brought light to many questions in general 
mycology, though it has failed to solve some fundamental problems. Are 


*'lransiated from the French original by Lothar Salin, fo A i i ‘i ie 
nye » former Associate Editor of The New York Acad- 
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the Sporotricha degenerated forms of the Ascomycetes which have, during 
their parasitic life with man and the lower animals, lost their higher form 
of reproduction? Asci have been reported in cultures of Sporotrichum 
crateriforme, but it is very uncertain whether this fungus is a Sporotrichum. 
Sartory took it for an Endomyces, and in all the thousands of different 
Sporotrichum cultures which I have handled, I have failed to find any asci, 
despite all efforts. For this reason, we shall not discuss whether these 
organisms are degenerated fungi or whether they belong to the lower fungi 
and have never had a higher form of reproduction. 

The classification of the genus Sporotrichum is still disputed. Vuillemin,’ 
of Nancy, put some in the class Conidiospora, in the order Sporotricha, with 
two principal genera, Sporotrichum and Rhinocladium. He calls Rhino- 
cladium the S'‘porothrices of both Schenck and de Beurmann. This change 
of name was, however, not recognized by Matruchot, who maintains the 
classification in the genus Sporotrichum.' 

To begin with, Matruchot remarks, “The differences mentioned, such 
as coloring of the filaments and spores, the mode of attachment of the 
spores (pedicellate or sessile), are not so remarkable as the diagnoses given 
in the books suggest. These divers characteristics are so little specialized 
that they can all be found on the same parasite. The facts presented to us 
by nature cannot be put into compartments so easily.” 

From Saccardo, who created the genus Rhinocladium, Matruchot takes 
the definition of the genus Sporotrichum (‘‘conidia in ramorum denticulorum 
apicibus aerogena”) as well as examples of several species, namely, Sporo- 
trichum mycophilum, membranaceum, and flexuosum, for which Saccardo 
specifically notes pedicellate spores. Matruchot also cites other examples 
taken from his own work, such as Ctenomyces serratus, etc. Thus, he thinks 
that the presence of pedicellate spores, which, according to Vuillemin, would 
be a characteristic of Rhinocladium and distinguish it from Sporotrichum, 
can apply to Sporotrichum as well and, consequently, is of no differentiating 
value. 

In support of his opinion, Matruchot supplies a second series of proofs.’ 
He shows that Sporothrix beurmanni cannot be classified as a Rhinocladium, 
which genus is defined as follows by Costantin: ‘Fertile blackish filaments 
ramified in dichotomy, more or less irregular, erect, directed towards the 
extreme end of the last ramifications of the lateral and terminal spores, 
which are placed on toothlike projections. The spores are globular or 
oval-shaped and blackish.” However, says Matruchot, in Sporotrichum 
beurmanni, “the fertile filaments are not blackish; they are not branched 
dichotomously when mature, the spores are not placed exclusively near the 
extreme end of the terminal filaments, but, rather, on the entire wall of 
“the fertilized branches up to a very great distance from the extreme end. 
Finally, though the spores may be placed on toothlike projections, they 
are just as frequently entirely sessile and the filaments whose spores have 
fallen off bear no trace of how they were originated.” The diagnosis of 
Rhinocladium, thus, cannot apply to our parasite, which has to retain the 
name of Sporotrichum—‘‘the natural affinities of Sporotrichum beurmannt 
are elsewhere than in the genus Rhinocladium.” 
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We cannot but compliment Professor Matruchot on his argument. 
Should we, however, distinguish with him between Sporotrichum schenckt 
and beurmanni (loc. cit.), or should they be considered as one species, as was 
done by Verdin and Buillemin? The last-named author believes that the 
cultures of schencki which were sent to us in Paris and which we studied 
for a long time, are actually degenerate and pleomorphic, hence their ap- 
parent difference as compared to the beurmanni. However, at the end of 
his discussion, Vuillemin gives the name of Rhinocladium beurmanni to the 
parasites of both Schenck and de Beurmann, stating that “usage has sanc- 
tioned the name of Rhinocladium beurmanni.” Other authors, nevertheless, 
in making the synthesis, prefer the double name Sporotrichum schencki- 
beurmanni, and, in 1910, I proposed the following table: 


( Sporotrichum schencki _ (I) 
ler Crooe Sporotrichum beurmannt (II) 
S porotrichum schenckt- and dita waaetiess 
Bearman : Sporotrichum beurmanni 
common source of: var. asteroides (IIT) 
Sporotrichum Sporotrichum beurmannt 
(ancestral) var. indicum (IV) 
Sporotrichum jeanselmi (V) 
2nD GROUP 
Sporotrichum gougeroti 
etc. 


\ 


Vullemin, Grigorakis, and also Dodge! made an attempt to change the 
name of Sporotrichum gougeroti, which was established by Matruchot, to 
Dematium gougerott.. Saccardo considers this organism related to Torula. 
Vuillemin’s argument was that “‘the cultures of Sp. gougerott do not contain 
any conidia” (which is inexact) and “‘the filaments, generally dull and opaque 
in appearance, produce budding, colorless globules of variable dimensions.” 
Together with Matruchot and in collaboration with Duché, I have objected 
to this change of name for two principal reasons, namely: (1) the parasite 
in question has colored spores, or conidia; (2) the genus Dematium is badly 
defined since “all the Dematiacea can be incorporated in it as long as only 
the yeast forms are considered.” 

Dodge also refused to accept the classification of several Sporotricha. 
Thus, he makes both Sporotrichum greconis, described by Mackinnon, and 
Sporotrichum fiococci special varieties of Sporotrichum schencki. From Sporo- 
trichum schencki-beurmanni, he separates Sporoctrichum cracoviense, grigsbyi, 
and coucilmanni. He eliminates Sporotrichum equi, which he considers 
similar to Zymonema farciminosum. He regards as doubtful Sporotrichum 
congolense (Baerts), Rhinocladium guayaquilense (Valenzuela), Sporotrichum 
indicum (Castellani and Chalmers), S'‘porotrichum lesnei (Vuillemin), S poro- 
trichum bronchiale (Montagne), and Rhinocladium parvulum (Redaelli). 

Guégen asks whether it would not be worth while to create a new genus, 
Sporotrichopsis. To quote from his argument, “The genus Sporotrichum 
is so badly defined, or rather so little defined, that a radical measure seems 
indicated, This would consist of treating the genus Sporotrichum as an 
abandoned cemetery where no one is buried any longer. By making S poro- 
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_ trichum beurmanni the type of a new genus, S porotrichopsis (which would 
be perfectly defined), one would have a solid basis—a center around which 
other species could be grouped as well as, no doubt, older Sporotricha, after 
somebody has taken the trouble to study their structure.”” The presence 
of “sympodially born conidia,” which has not been noted in the genus 
Sporotrichum, constitutes, according to Guégen, another argument in favor 
of the creation of a new genus. 3 

The forms in the tissues are different from those in the in vitro cultures. 
The writer believes that he was the first to describe these short forms and 
to have shown that they are not spores, as other authors thought. These 
forms are degenerated, due to adaptation in the struggle for existence in 
the tissues. The writer has also drawn attention to the budding yeast 
form, similar to that encountered in the blastomycoses.* 

A thorough study of the yeast forms of the sporotrichoses has been made 
by Charlotte C. Campbell, who showed that this phase persists in Francis’s 
solution (glucose agar with blood, with cystine added), as long as this is 
incubated at 37°C. On the other hand, transplanted on Sabouraud’s 
agar, a yeast-form Sporotrichum will exhibit the typical filamentous form 
within 48 hours at room temperature. 

Splendoré, of Sao Paulo, has described star-like forms in S‘porotrichum 
asteroides, which the author, with Dodge, believes to be a simple variety of 
schencki-beurmannt. Spillman and Gruger, in animals and Greco, in man, 
have noted radiating actinomycosiform specimens, whose presence in the 
tissues was also pointed out by Moore and Ackerman.® Widal and Abrami 
discovered the seroagglutinations, complement fixations, and group reac- 
tions. This method is useful not only to diagnose sporotrichosis, but it 
can also, owing to the shortness of the reactions, be used to diagnose other 
mycoses, particularly actinomycoses. However, I have shown several causes 
of error here, and likewise in the intradermal reactions with sporotrichin 
(killed fungus antigen). For example, a simple saprophyte of Sporotrichum, 
in the bucco-pharynx, or even that of a different fungus, perhaps a yeast 
form in the digestive tube, can, by group reaction, give seroagglutinations 
of up to 1/150, with medium complement fixations. This would give the 
erroneous impression that a lesion was of sporotrichotic nature, when ac- 
tually it is due to an entirely different agent. 

The observations of Widal and Weill, and afterwards my own, have shown, 
~ through blood cultures, that Sporotricha are present in the circulating blood. 
Blanchetiére and the author (1909) made a thorough study of the toxins 
of the Sporotricha, namely, soluble toxins, insoluble toxins (endotoxins), 
etherosporotrichosine, chlorosporotrichosine, ¢é/c. We also analyzed their 
fermentative power on various substances, comparing the different species 
and stressing their instability in this respect. While these criteria are use- 

* Since 1909, I have requested a revision of this group of the blastomycoses, stressing the fact that the 
yeast form is common to a variety of very different parasites in their struggle for existence in the tissues. 
The exascoses, endomycoses, and parendomycoses RN See emia a ae fee Bre eed lie Ara 
eects eet re old group of blastomycoses, ‘see Soc. Méd. Hép. 26: 222 and 


S25 909), ll as Trib. Méd., August 7 and 11, 1909. See, also, The Question of Blastomycoses: A 
egies Retort the Old Group. Rev. Derm. Argentina, Special Number in Honor of Dr. B. Sommer: 


75. 1916. 
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ful in bacteriology, they have thus become of rather questionable value in 
mycology. / eI 

De Beurmann, Ravaut, Verdin, and the author have studied sensitiza- 
tions and group sensitizations, above all the intradermal reactions, and have 
opened the chapter of polymycoses. This research has led us to realize 
that the sporotrichoses may take on an appearance similar to that of bac- 
terial infections. 


Practical Medicine 


From the point of view of practical diagnosis, I have popularized Sabou- 
raud’s technique of culture at room temperature on French proof agar, 
showing that incubated cultures give slower and less constant results (and, 
above all, less characteristic colonies). Thanks to this technique, the 
mycological diagnosis of sporotrichoses has become simple and rapid, and 
has come within the reach of even the most isolated practitioner, since this 
method of culturing makes it possible to dispense with an incubator, and 
since, moreover, the macroscopical aspect-of the colonies is sufficiently 
characteristic without necessitating laboratory examination. 

In order to speed up bacteriological diagnosis, I have drawn attention to 
“the run of pus on dry glass.” The originating colonies are easy to dis- 
cover through the thickness of the glass, without any preparation or stain. 
Also, in order to facilitate the study and identification of the fungi, I have 
proposed the so-called technique of ‘‘dry slides.”” Finally, in 1908, I showed 
that it is possible to make a retrospective diagnosis in a patient with scar 
formation. This can be done not only by using the serum diagnosis of 
Widal and Abrami (which lacks specificity), but above all through culture 
of the bucco-pharynx, since the fungus frequently remains saprophytic on 
the mucosae. 

Frequency of Occurrence. The frequency of mycoses depends largely on 
the thorough and systematic search for them. In March, 1907, I had 
isolated four cases; by the end of 1907, thirty cases; by the end of 1908, 
sixty; and finally, by the end of 1910, more than two hundred. Observa- 
tions have been reported from all French provinces, from all countries on 
the five continents, and in patients of all ages. Consequently, physicians 
in any country may come across sporotrichosis. The apparent rarity of 
the disease is due to the fact that it has become so classical that only obser- 
vations which present interesting new details are reported. Nevertheless, 
sporotrichosis occurs all the time, as evidenced by three recent observations, 
namely, that of Banks* where a sporotrichosis gave the appearance of 
diphtheria, that of Pessano and Negroni,’ and one case, described by Watrin 
and Didier,* of sporotrichosis of the leg. 

All the same, the sporotrichoses have certainly decreased in frequency, 
at least in France, despite our systematic search for them. This seems also 
to apply to other continents; for example, R. O. Noojin and J. L. Callaway 
mention that they have found only seven cases in ten years. The question 
can be asked whether this is due to the extinction of all human and animal 
reservoirs by improved diagnosis and treatment with iodides. Infection 


Gougerot: Insight in Study of Sporotrichoses 1353 


from human to animal and vice versa, is, of course, exceptional at best. In 
any case, there is no question of contamination by improperly sterilized 
syringes (certain specialists have advanced this bizarre theory), since in 
our well-conducted investigations we have never seen an “epidemic” and 
our patients never received any injections. 

Clinical Polymorphism. In medical practice, my own observations, sup- 
plemented by those of other authors, have described numerous forms, 
ranging from a gumma and even large abscess to acne and sporotrichotic 
pityriasis. 

Lesions may occur in all tissues. In the bones, joints, and synovia, 
sporotrichoses exhibit everything that can possibly be imagined, from peri- 
ostitis to abscesses in the interior of the bone, spina ventosa, and spontane- 
ous fractures, from simple hydarthrosis to white swelling, as well as various 
forms of synovitis. I have stressed the singular frequency of lesions in 
the bones, which is about 10 per cent in disseminated sporotrichoses—a 
number not reached by syphilis. 

In the viscera, cases of orchi-epididymitis have already been reported, 
and also pulmonary congestion with hemoptysis,? and pyelonephritis 
(Rochard, Duval, and Bodoleo). There has been a recent report by André 
Martin of a renal sporotrichosis simulating the appearance of a sarcoma, 
later that of tuberculosis.‘° Further reports have been made of a febrile 
form (de Brissaud and Rathéry), and a fortunately exceptional, mortal 
one (de Roux-Lacroix; Banks). Sporotrichoses can simulate the appear- 
ance of blastomycoses (H. G. Adamson), actinomycoses (Gougerot), diph- 
theria (Banks), etc. As I have repeatedly stated, ‘“‘The sporotrichoses, for 
all these reasons, are of interest not only to the dermatologist, but also to 
the internist, the surgeon, the oculist, obstetrician, pediatrician, and psychi- 
atrist, as well as in forensic medicine." It is necessary to make a diagnosis 
immediately without waiting until the patient becomes cachectic, because, 
at that stage, death is frequently inevitable, despite treatment with iodide. 
The prognosis, thus, truly depends on the scientific reliability of the exam- 
ining physician, with the exception of certain rare cases with associated 
tuberculosis where the iodide treatment is impossible.” 

In practice, I have described and stressed several diagnostic phenomena, 
namely, the gummatous form which reappears upon incision and again 
reappears under the scar of the incision, disclosing the typical dome-shaped 
form with softening in the center; the polymorphism of the ulcerations 
(tubercular, syphilitic, or other in appearance), which may be evident 
either on different ulcers situated closely together, or on different sectors 
of the same ulcer; and the rapid relapse after premature cessation of the 
iodide treatment. 

As regards general pathology, this group of observations shows that, as 
in bacterial infections, in particular those of tuberculosis and syphilis, one 
single virus can exhibit very different clinical forms, and that the same clini- 
cal phenomenon, as for example the gumma, may be due to different viruses 
or fungi. . 

Histology. The histological formula of the Sporotricha can be established 
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as consisting of three zones, namely, (1) the central zone formed of polynu- 
clear cells and macrophages simulating the presence of a pyodermia; (2) 
median zone, tubercular in appearance, with epithelioid cells, giant cells, 
and tuberculoid follicles; and (3) the external zone, composed of lympho- 
cytes and connective tissue cells, basophilic, with comparatively intense 
vascularity, frequently exhibiting almost a syphilitic sclerosis. These three 
reactions may even coexist without any order, i.e., they may be mixed up 
particularly in the verrucous and vegetating sporotrichoses. 

This histological reaction is nonspecific, since it is also encountered in 
other mycoses and even in the foreign body reaction of tissues, as my clini- 
cal observations have shown. In this connection, the experimental study 
by Vaucher and myself, especially with pepper, should be noted. 

The histogenesis of the lesions is much less rapid than that of syphilis 
and tuberculosis, owing to the manner of the sporotrichotic process. Thus, 
we have been able to show, with a series of excised tissues, how the vascular 
stage is transformed into giant cells and, subsequently, into tuberculoid 
follicles and gummatous tissue with the three zones. This confirms the 
opinion of Gernil and other French authors who believe that the formation 
of giant cells and tuberculoid follicles is of vascular origin. 

Pathologically, all these studies have shown once more that the sporo- 
trichoses have no histological specificity, since they may exhibit pyococcic, 
tubercular, and syphilitic reactions. 

Etiology and Pathogenesis. Through my clinical observations and ex- 
perimental studies (particularly in collaboration with Vaucher), the etiology 
and pathogenesis of the sporotrichoses have been clarified inasmuch as they 
exhibit all possible clinical forms and are capable even of taking the shape 
of a bacterial infection. Their reservoir lies within the limits of nature 
(as for the blastomycoses, actinomycoses, eic.). I have demonstrated this 
by finding “wild” Sporotrichum beurmanni on an oat plant, a horsetail, and 
a small beech tree, in the French Alps in 1908. Upon cultivation, these 
wild specimens were not virulent; only after passing from rat to rat did 
they become pathogenic. Soon afterwards, Sartory” found the same Sporo- 
irichum on an ear of wheat; the first generation was non-pathogenic, but, 
after passage through several animals, the organism became virulent. 

Animals are but rarely the source of contagion, and they themselves are 
generally infected by plants. Pertinent observations here have been re- 
corded by Lutz and Splendoré, as well as by Jeanselme and Paul Chevalier 
(rat sporotrichosis transmitted to man); Page, Frothingham, and Paige, 
also Mervins-Hyde and Davis, and Mohler (horse sporotrichosis); R. L. 
Sutton (human contamination); T. C. Jones and Fred D. Maurés (mule 
sporotrichosis—see especially Carougeau’s case of contamination of the 
veterinarian treating an affected mule); Gougerot and Caraven (dog sporo- 
trichosis) ; Wyss-Lauzin (parrot sporotrichosis, and transmission to the 
a by a bite); and Olson (rodent sporotrichosis, with transmission to 
man). 

The same phenomena are found here as in tuberculosis, such as primary 
chancre at the site of infection (see my observation No. 12) or lymphangitis 
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without visible portal of entrance (No. 13); saprophytism on the mucous 
membranes and germ carriers (J. Thiry); infection through the intestinal 
canal; and dissemination through the lymphatics or the blood circulation 
(Widal and Weill). The same factor of lowered resistance accompanied by 
progressive adaptation and virulence as in diabetes and tuberculosis, etc., 
has been demonstrated on the sporotricha found in nature. Increasing 
sensitization in man has been elicited by the intradermal reactions re- 
ported by Paul Ravaut, Verdin, and myself, and thus the importance of 
the human reservoir has been stressed. Also, hybrid infections, such as 
combinations of sporotrichosis and tuberculosis, have been encountered 
(Achard and Louis Ramond: personal observations). 

Experimental Reproduction. As outlined in the foregoing, our long experi- 
mental studies have clarified the clinical treatment, the histology, etiology, 
and pathogenesis of sporotrichosis. However, experimentation has taken 
the lead from clinical studies as regards the visceral forms, which give a 
picture of the bone infections and other forms. With Vaucher, I have 
even outlined a possible hereditary sporotrichosis, thus again demonstrating 
the similarity to bacterial infections and syphilis. 

Treaiment. The iodide treatment has been patiently evolved and regu- 
lated according to the four well-known categories of patients: (1) tolerant 
to iodide; (2) partially intolerant to iodide; (3) completely intolerant to 
iodide; and (4) local lesions not responsive to iodide. I have stressed the 
following rules for this treatment: doses of 4 gm. daily; necessity for super- 
vising the tolerance of iodide, which may give a clue to possible latent 
tuberculosis; necessity of prolonging treatment at least one month beyond 
the apparent healing of the lesions, since relapses frequently occur otherwise; 
consolidating treatment; observation of a possible pharyngeal reservoir of 
parasites; and recognition of the gravity of cases associated with tubercu- 
losis. 

I have made studies parallel to the work of Achard and Louis Ramond, 
proving that the iodide treatment is not effective through direct antiseptic 
action, since it is possible to cultivate the sporotrichosis fungi im vitro in 
from moderately to very strong iodide solutions. Rather, the iodide acts 
through stimulation of the macrophages and of the defense mechanism of 
the tissues. 

_. Recent research, particularly in the United States, has shown decided 
effects of the sulfonamides. R.O. Noojin and J. L. Callaway, for example, 
used sulfonamide and sodium salt of sulfapyridine, in local treatment, with 
a 5 per cent oily suspension. 


Conclusion 


Through all the studies enumerated in this paper, the sporotrichoses 
have been classified, pathologically, among the infections, 7. e., they have 
been separated from other mycoses. The study of mycoses has thus been 
given new vigor, and it is no longer necessary to contrast them against 
bacterial infections, as has been done in the past, but rather, connections 
between the two can be established. 
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The study of the sporotrichoses, through systematic research in all the 
mycoses, has led to the discovery of several new forms as, for example, 
hemisporosis, caused by Hemispora stellata (Gougerot and Caravell); oidio- 
mycosis or mycodermosis, caused by Oidiwm or M. ycoderma cutaneum 
(Gougerot, de Beurmann, and Vaucher); nocardiosis of Carougeau; gum- 
matous parendomycosis, caused by Parendomyces balzert, and mycodermo- 
sis caused by Mycoderma pulmoneum (Gougerot, Balzer, and Burnier). 
In collaboration with Duché," I found disseminated polyepidermomycosis 
of the intertriginous regions (leaving their basis intact), with the presence 
of Epidermophyton inguinale, Malassezia furfur, and a new fungus, A sper- 
gillus endovici; also, a new subcutaneous mycosis, caused by Debarcomyces 
klockeri. Finally, with Burnier and Duché, I discovered a vegetating and 
ulcerative mycosis, caused by Cephalosporium griseum. 

The classical clinical analysis of the sporotrichoses was made by my old 
teacher, Louis Landousy, who stressed the practical prognostic, thera- 
peutic, and economic importance of the sporotrichoses. Time has indeed 
passed since another of my great teachers accused me of being a youthful 
hothead “trespassing on the sacred ground of syphilis and tuberculosis.” 
I have repeatedly drawn attention to the faulty diagnosis of tuberculosis, 
syphilis, chronic osteomyelitis, glanders, and even cancer, which has led 
to amputation and death, and I can but once again repeat the words of 
Professor Grasset, the famous neurologist: “A physician who is not familiar 
with the latest research on sporotrichosis runs the risk of letting patients 
die who could have been saved by the judicious administration of potassium 
iodide.” 
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GROWTH REQUIREMENTS OF DERMATOPHYTES 
By William J. Robbins 


Department of Botany, Columbia University, and Director, New York Botanical Garden 


It is not my intention to discuss the growth requirements of the dermato- 
phytes in general, but to confine my attention chiefly to two with which we 
have been mainly concerned. One of these is Trichophyton discoides; the 
other is Trichophyton mentagrophytes. 

The strain of 7. discoides with which we worked was obtained from Dr. 
Juan Mackinnon of the Institute of Hygiene, Montevideo, Uruguay. It was 
found that for growth this isolation required the presence of molecular 
thiamine, pyridoxine, and inositol in the medium. It failed to grow on a 
medium which was limited to dextrose, mineral salts, and asparagine. The 
addition of thiamine, pyridoxine, and inositol to this basal medium permit- 
ted considerable growth to occur. All three vitamins were necessary. 
Little or no improvement in growth was obtained with the addition of any 
one of the three or any two of the three. 

The thiamine deficiency could not be satisfied by the pyrimidine com- 
ponent of thiamine, by thiazole, or by a mixture of the two thiamine inter- 
mediates. Neither calcium phytate nor a phosphatide containing inositol 
obtained from Dr. D. W. Woolley were as satisfactory as inositol. The 
phosphatide substituted for inositol more nearly than did the calcium 
phytate. , 

The minimum effective quantities of the three vitamins were not de- 
termined, but the addition of 0.01 mg. of inositol to 8 ml. of medium which 
contained both thiamine and pyridoxine produced a marked effect on 
growth. The maximal effect was obtained with between 0.1 and 0.5 mg. 
of inositol. The addition of 0.001 my mole of pyridoxine to 8 ml. of medium 
containing thiamine and inositol was ineffective, but 0.01 my mole produced 
a measurable effect. Maximum growth was obtained with between 1 and 
10 my moles of pyridoxine. The addition of 0.01 my mole of thiamine to 
8 ml. of medium containing pyridoxine and inositol markedly increased 
growth, and the maximum effect was obtained with between 1 and 10 my 
moles of thiamine. 

Neopeptone in the amounts we used did not contain sufficient thiamine 
for maximum growth. Better growth was obtained when the mineral- 
dextrose-peptone medium was supplemented with thiamine. Inositol or a 
physiological equivalent material was found to be present in hydrolyzed 
gelatin, hydrolyzed casein, hydrolyzed egg albumen, and peptone, as evi- 
denced by the growth of the organism on these media supplemented with 
“thiamine and pyridoxine but no inositol. 

Although it was possible to obtain considerable growth on the basal me- 
dium of mineral salts, dextrose, and asparagine, supplemented with thia- 
mine, pyridoxine, and inositol, better growth was obtained on a thiamine 
peptone medium or on gelatin hydrolysate or casein hydrolysate supple- 
mented with the necessary vitamins. It appeared, therefore, that gelatin 
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hydrolysate, casein hydrolysate, and peptone contained unidentified factors 
important in the growth of T. discoides. Although we were not successful 
in duplicating the effect of the protein hydrolysates by the substitution for 
them of a mixture of amino acids and purine bases, it is probable that the 
action of the hydrolysates was an amino acid effect. 

Our investigations, therefore, showed that the strain of T. discoides 
which we used evidenced complete deficiencies for molecular thiamine, 
pyridoxine, and inositol and partial deficiencies for unidentified growth 
substances present in peptone and hydrolysates of gelatin or egg albumen. 
The unidentified factors are probably amino acids. 

The strain of T. mentagrophytes that we investigated was isolated from 
a human subject and identified through the courtesy of Dr. Rhoda W. Ben- 
ham. This organism grows slowly on a basal medium containing mineral 
salts, dextrose, and asparagine. Its growth is markedly improved by the 
addition to the basal medium of peptone, or hydrolysates of casein, egg 
albumen, or gelatin. 

In contrast to T. discoides, the isolation of this organism has no vitamin 
deficiencies. No improvement in growth has been observed from the 
addition of vitamins to the basal medium or to the basal medium supple- 
mented with vitamin-free protein hydrolysates. 

Since this fungus evidenced no deficiencies for any of the known vitamins 
and its growth was markedly improved by hydrolysates of egg albumen 
or highly purified gelatin, and of vitamin-free casein, it seemed probable 
that the active substances were amino acids. It was found that the organ- 
ism would grow on a basal medium containing asparagine or any one of 
the following 14 amino acids: glycine, dl-alanine, dl-valine, |-leucine, d-iso- 
leucine, dl-phenylalanine, d-glutamic acid, dl-aspartic acid, dl-serine, |-cys- 
tine HCL, |-tyrosine, l-proline, d-arginine HCL, and l-histidine HCL. 
Only 5 of 19 amino acids tested gave little or no improvement in growth. 
These were tryptophane, threonine, hydroxyproline, methionine, and lysine. 
Ammonium nitrate was nearly or completely unavailable. However, we 
were not able to duplicate completely the effects of casein hydrolysate, for 
example, by any mixture of amino acids we prepared. 

Our strain of 7. mentagrophytes was able to use asparagine or any one of 
14 amino acids as a source of nitrogen, but was nearly or completely unable 
to utilize ammonia or nitrate nitrogen. It appeared able, therefore, to 
transform asparagine or any one of the several amino acids without previous 
ammonification into all the various amino acids required for the construc- 
tion of its protoplasmic proteins. We found no evidence for any indispens- 
able amino acid in the sense that the fungus failed to grow unless a particu- 
lar amino acid was furnished in the nutrient medium. Although 7. menta- 
grophyles is capable of making all the amino acids needed for its proteins 
from a single amino acid or from asparagine, a mixture of certain amino 
acids was superior to an equal amount of any single one. This, we believe, 
is because the amino acids, if available in the medium, are incorporated into 
fungus protein more rapidly than they are supplied by the metabolic trans- 
formation of asparagine or of a single amino acid. In other words, the 
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mechanism for nitrogen transformation in this organism is deficient. It 

lacks, nearly or completely, the machinery necessary for utilizing inorganic 

nitrogen. Also, its mechanism for transforming asparagine or a single 

amino acid into those requiréd for the construction of cell substance works 
slowly. 

One of the complicating factors in the study of the nutrition of the der- 
matophytes is the freedom with which many of them produce pleomorphic 
forms which may differ in their physiology from the organism from which 
they are derived. Pleomorphic forms have long been recognized in this 
group. They are spontaneous irreversible mutations. 

We have investigated chiefly the pleomorphic forms of T. menta grophytes. 
These mutants develop as cultures of this organism age. Portions of the 
mycelium change in growth habit. Many pleomorphic types can be iso- 
lated which differ in rate of growth, degree of sterility, morphological char- 
acter of the colony, pigment production, or some physiological character. 
All cultures, if sufficiently old, are characterized, however, by a vigorous, 
white, more or less fluffy, almost sterile form. The growth of the most 
vigorous forms is many times that of the original isolate. In a liquid me- 
dium containing asparagine as a nitrogen source, the normal form produces 
three or four milligrams of dry matter in the course of three weeks. A 
pleomorphic form, in the same time in the same medium, may form a 
hundred milligrams or more. 

We have found it possible to maintain the slow-growing, freely sporulat- 
ing form, which we call the normal or N form, by making transfers to fresh 
media at weekly intervals. By such a procedure, we have kept T. menta- 
grophytes for more than four years, apparently unchanged. The pleo- 
morphic forms, too, can be isolated, grown in pure culture, and maintained 
if they are transferred at weekly intervals. 

The spontaneous change from normal to pleomorphic occasionally appears 
in cultures incubated at 35°C. as early as eight days after inoculation, 
though two or three weeks are usually required, and within four or five 
weeks at most all cultures will have become pleomorphic. It is not, there- 
fore, a hit-or-miss process. Merely by allowing the cultures to age, all of 
them will change from a slow-growing, freely sporulating form to one which 
grows rapidly and is nearly or completely sterile. 

From the standpoint of this discussion, these pleomorphic strains are 

“important because they differ in their growth requirements from the original 
form from which they are derived. For example, some of the rapidly grow- 
ing mutants of T. mentagrophytes are able to use inorganic nitrogen, which 
is nearly or completely unavailable to the normal form (N) from which 
they arose. The pleomorphic forms are characterized by a greater ability 
to transform ammonium salts and also asparagine into those amino acids 
necessary for the construction of their protoplasmic proteins. These trans- 
formations are probably enzymatic, which means that in becoming pleo- 
morphic the fungus has developed new or more effective enzyme systems 
than exist in the normal form. 

I do not mean that the only difference between the normal and pleo- 
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morphic strains is a change in the ability of the organism to transform a 
single source of nitrogen into the various amino acids required for the con- 
struction of cell substance. I should expect to find that pleomorphic forms 
of a dermatophyte which has a specific vitamin deficiency might be able to 
synthesize the vitamin which the normal form is unable to make. We 
have found this to occur in pleomorphic forms (sectorial mutants) of Fusa- 
rium avanaceum. The original isolation lacked the power to synthesize 
biotin, but a vegetative mutant developing spontaneously from the original 
isolation was able to make its own biotin. 

One of the peculiarities of the dermatophytes is their relation to hydroxy- 
proline. This amino acid, a common constituent of proteins, was found to 
inhibit the growth of five dermatophytes investigated, but to have no com- 
parable effect on 19 other fungi, including species of Agaricus, Aspergillus, 
Ceratostomella, Fomes, Neurospora, Penicillium, Phycomyces, Polyporus, and 
Rhodotorula. 

The growth of T. mentagrophytes on a basal medium containing mineral 
salts, dextrose, and asparagine, was almost completely inhibited by one 
part of l-hydroxyproline in 20,000 parts of medium, and a reduction in 
growth was observed with one part in 50,000 parts of medium. Two pleo- 
morphic forms of 7. mentagrophytes proved to be more resistant to hydroxy- 
proline. One of them required one part of hydroxyproline in 1600 parts 
of medium, and the other, one part in 4000 for complete or nearly complete 
inhibition. We observed also the development of a strain of this organism 
which was quite resistant to hydroxyproline. Good growth was obtained 
on a basal medium to which one part of hydroxyproline was added to 160 
parts of medium. 

Trichophyton purpureum, Microsporum canis, Epidermophyton flocculo- 
sum, and a granular form of Trichophyton gypseum were also susceptible to 
the injurious effects of hydroxyproline. The Epidermophyton was the most 
sensitive. Almost complete inhibition was obtained on the addition of 
one part of hydroxyproline to 40,000 parts of the basal medium. Micro- 
sporum canis was the most resistant. The growth of this fungus was re- 
duced but not prevented by one part of the hydroxyproline in 1600 parts of 
medium. 

In contrast to the effect of this amino acid on the dermatophytes was its 
action on such organisms as Penicillium notatum, Rhizopus nigricans, and 
Fomes pini. These fungi showed no reduction in growth even in the 
presence of one part of hydroxyproline in 1600 parts of medium. 

The injurious effect of hydroxyproline on the dermatophytes was less 
pronounced in media containing peptone or casein hydrolysate than in 
those containing asparagine. The effect of each of 14 amino acids on the 
inhibitory action of hydroxyproline was determined for the normal form of 
T. mentagrophytes. Proline alone was found to overcome, at least in part, 
the injurious effects of hydroxyproline. There seemed to be, therefore, 
some evidence for an antagonism between I-proline and l-hydroxyproline. 

One of the curious responses to hydroxyproline was observed with T. 
purpureum. ‘The growth of this organism was inhibited almost completely 
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_ by one part of hydroxyproline in 1600 parts of medium. Also, a marked 
reduction in growth was obtained with one part of the amino acid in 4000 
parts of medium. With small amounts, one part in 40,000 or one part in 
20,000, growth was stimulated. The colonies obtained were larger than 
observed on the basal medium. 

The effects of hydroxyproline on the dermatophytes is interesting because 
it seems to be evidenced on these organisms as a group, which suggests a 
common physiological characteristic. It is also of interest because proline 
is an available source of nitrogen for these organisms and the only difference 
between proline and hydroxyproline is a hydroxyl radical in the fourth 
position on the molecule. 

A single and relatively simple explanation of the relation of hydroxypro- 
line to the growth of fungi does not seem possible. The action of hydroxy- 
proline may be associated in some way with the nitrogen metabolism of 
these organisms. This is suggested by the greater sensitivity of the normal 
form of T. mentagrophytes as compared to the pleomorphic forms. The 
latter, which are the more resistant, are also better able to supply their 
nitrogen requirements from inorganic nitrogen or from a single source of 
organic nitrogen. 

This has been only a fragmentary presentation of the growth require- 
ments of dermatophytes. There has been no discussion of their relation 
to hydrogen ion concentration, to reduced sulphur, or to carbon sources 
or many other of the fundamental nutritional factors which should be 
considered. There has been no attempt to review here the contributions 
made by others to this subject. The paper has been limited to the specific 
researches with which the author and his associates, Dr. Roberta Ma and 
Dr. Ilda McVeigh, have been concerned. 
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FUNGUS ANTIGENS AND THEIR IMPORTANCE AS SENSITIZERS 
IN THE GENERAL POPULATION 


By Samuel M. Peck 
Mount Sinai Hospital, New York, N. Y. 


Disease manifestations caused by both bacteria and fungi can be di- 
vided into those which are directly due to these organisms and those special 
forms which have arisen because of the development of sensitization to 
the organisms and/or their products. The latter have been grouped under 
the general heading of cutaneous microbids." 

The clinical manifestations of microbids depend on a development of 
an acquired hypersensitivity to the organisms and/or their products after 
the primary infection has existed for some time. The degree of acquired 
hypersensitivity is dependent on the causative organism, on individual 
predisposition, and on many other factors which cause more intimate con- 
tact between the living organisms and the living cells. 

In the group of microbids, we have trichophytids when the trichophyton 
fungus is the primary cause of the lesion, epidermophytids when an epider- 
mophyton is the causative organism, and levurids when monilia cause the 
primary infection. Trichophytid is the general term which has been applied 
to the microbid associated with fungus infections. The term in the litera- 
ture has often been shortened to “‘ids.”’. 

The allergic manifestations due to fungi which are most commonly 
encountered in the general population are those associated with the super- 
ficial fungus infections. Of these, almost all are associated with infection 
due to T. mentagrophytes, especially dermatophytosis of the feet. 


Pathogenesis of Trichophytids 


The Epidermophyton and Trichophyton fungus grow in the nonliving 
layers of the skin and its appendages. Because of this fact, they give 
rise to clinical manifestations which are primarily of a very superficial 
nature. Marked inflammation does not develop unless living structures 
are invaded. Invasion by the fungi of living structures or contact of fungi 
or their products with the living parts of the skin probably initiate the 
hypersensitivity with its resulting allergic manifestations. W. Jadassohn 
and Sulzberger have shown in experimental fungus infections in guinea 
pigs that the apparent dermotropism (keratinotropism) of fungi depended 
on their need for dead tissue such as is found in the keratin layers of the skin, 
the hair shaft, and the nails. When they injected guinea pigs intracardially 
with fungus spores, there was a hematogenous dissemination all over the 
body, but fungus infection developed only in the nonliving parts of the skin. 
When the animal was killed shortly after injection, however, and the internal 
organs were cultured, fungi readily grew from this dead tissue. It is of 
interest to note that the lens of the eye (Jadassohn-Rehsteiner) could be 
infected with fungi just like the keratin layers of the skin. 

A sine qua non for the development of trichophytids is a hypersensitivity 
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_ to fungi or their products. This sensitivity is revealed by a positive tricho- 
phytin reaction. Fortunately, the trichophytin test represents a group 
reaction in the majority of instances. This means that the test does not 
usually have to be made with the identical fungus causing the lesions. 
Previously it was thought to be present only in the deep inflammatory fungus 
infections, such as kerion celsi. Recently, however, it has been demon- 
strated that even superficial fungus diseases were frequently accompanied 
by sensitivity to trichophytin. The hypersensitivity to fungi develops 
_after the primary infection has existed for some time. The period between 
- onset of infection and the development of hypersensitivity varies from a 
few months to several years, depending on the type of fungus, the site of 
the primary infection, and the infected individual. It is very difficult to 
determine whether atopy plays a role in the development of this hypersensi- 
tivity. In the available statistical data, a history of atopy seems rather un- 
important, especially as far as the epidermophytids on the hands are con- 
cerned. 

Trauma, such as treatment with strong ointments, X rays, or continu- 
ous maceration, which is frequently seen between the toes, forces the fungi 
or perhaps their products into the blood stream. These, in turn, com- 
ing in contact with the hypersensitive skin, give rise to trichophytids. 
The localization of the trichophytids may depend on the anatomy of the 
circulation or other rather obscure moments. The work of Truffi with 
fungi and of W. Jadassohn with tuberculosis has shown that localization 
can be determined experimentally by causing rupture of capillaries, thus 
allowing the circulating noxa to become free and reach the skin. The 
circulating organisms are changed by immune bodies in the blood and 
reach the skin in an attenuated state. To reach the keratin layer (i.e., 
the dead tissue in which they can grow), they pass through the living struc- 
tures which have become hypersensitive. The resulting interaction destroys 
the majority of them and gives rise to the trichophytids. If any organ- 
isms pass through these barriers and reach the dead tissues, they can be 
demonstrated in the trichophytids. This is rather a rarity. 

If we were to assume that not only the fungi but also their toxins can 
give rise to trichophytids, it would be easy to understand why trichophytids 
are usually sterile. Such an assumption, however, would not explain the 
localization of epidermophytids on the hands only, secondary to the fungus 
infection of the feet in the presence of a generalized skin sensitivity. Fur- 
thermore, it has not been possible to demonstrate such circulating toxins 
while positive blood cultures for fungi identical with those causing the pri- 
mary infection have been obtained. 

Williams has pointed out that, once hypersensitivity has been estab- 

“lished, even the primary lesion is a combination of epidermophytosis and 
epidermophytids. This explains the difficulty very often encountered in 
demonstrating fungi from such areas. It is obvious that scrapings from 
trichophytids will give negative microscopic results. . 

It is within the realm of theoretical possibilities that contact with pri- 
mary lesions can cause transportation of the organisms to other parts of 
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the body and give rise to trichophytids by contact. The eruptive character 
of most of the microbids speaks against such a conception. Such a possi- 
bility must be borne in mind, however, when nonsymmetrical isolated 
lesions are found which are considered to be trichophytids, especially those 
in which the organisms are more readily demonstrated. 

It is even conceivable that organisms of great virulence can reach areas 
of skin hematogenously and, in the presence of a moderate degree of hyper- 
sensitivity, win through all barriers to give rise to lesions which are real 
secondary foci of epidermophytosis (trichophytosis). Since the attention 
of dermatologists has been focused on the microbids, this diagnosis is being 
made with great frequency. Very often the proper supporting evidence 
for such a conception is lacking. Experimental and clinical research has 
established certain definite criteria which must be present to support such a 
diagnosis. Such criteria are as follows: 

(1) The causative organism must be demonstrated in what is recognized 
by every one as a classical manifestation of the disease. 

(2) While it is not absolutely essential, the organism which is cultured 
from the primary lesion should be pathogenic. 

(3) A positive reaction analogous to a tuberculin or a trichophytin reac- 
tion must be present. 

(4) What is considered to be microbid should be seen as a frequent ac- 
companiment of the primary lesion. 

(5) Positive blood cultures for the same organism isolated from the 
primary lesion must be obtained, since it is admitted that most of the mi- 
crobids are hematogenous eruptions. This is necessary because there is 
no reliable method of demonstrating the presence of circulating toxins. 

(6) The microbids must develop subsequent to the primary infection. 

(7) The microbids must usually be sterile. 

(8) A support for the conception of a skin eruption as an ‘“‘id’’ lies in 
certain clinical characteristics: (a) appearance of the ‘ids’ in showers; 
(b) tendency to symmetry in distribution because of hematogenous origin; 
(c) tendency to spontaneous involution after healing of the primary focus; 
(d) focal reactions after injection of sufficient amounts of microbidin.* 

It has been shown that the trichophytids will appear in an individual 
having a focus of fungus infection provided that hypersensitivity to the 
fungi or their products developed. After the hematogenous dissemina- 
tion of the organism or their products, the allergic manifestations will 
take place in that organ which is the particular shock tissue. In the case 
of fungus infections such as trichophytosis or epidermophytosis, the skin 
is that particular organ. 

While it is true, as is the rule for other microbic diseases, that different 
fungi can elicit the same clinical picture and that totally different skin 
manifestations can be found associated with the same fungus, it was found, 
fortunately, that in the majority of instances we could associate the various 
types of trichophytids with certain of the primary fungus diseases. Thus, 


* Microbidin: I must apologize for the introduction of a new term in a branch of medicine so overloaded 


with names, but it is only proper to give this general term to the extract or vacci i i 
THEMES i dene SF inicroline r vaccine which denotes skin sen- 
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the Lichen trichophyticus usually accompanied markedly inflammatory fun- 

gus infections such as kerion celsi (trichophytosis), while the dyshydrotic 
eruptions of the hands were usually found associated with the epidermo- 
phyton infection of the feet. © 

; The localization of the embolized fungi and the site of greatest skin sen- 
sitivity play an important part in the morphology of the resulting tricho- 
phytid. If the organisms finally become localized in the vasa vasorum of 
the subcutis, a subcutaneous trichophytid (erythema nodosum) develops; 
if they become localized in the vessels of the hair follicle, lichenoid forms 
_ result; if the epidermis is a special site of sensitivity, eczematoid trichophy- 
tids are found; and, if the hypersensitive organism is flooded with toxins, 
diffuse scarlatiniform eruptions are seen. 


TABLE 1 
Types OF TRICHOPHYTIDS 
TI. Epidermal trichophytids (epidermis mainly involved) 
1. Eczematoid (dyshydrotic) 
2. Lichenoid 
3. Parakeratotic 
4. Psoriasiform 
II. Cutaneous trichophytids (papillary body mostly involved) 
1. Diffuse forms 
a. Scarlatiniform exanthemata and enanthemata 
b. Erythroderma 
2. Circumscribed and disseminated forms 
a. Follicular localizations usually lichenoid 
b. Not exclusively follicular 
(1) macular, papular, and even exudative eruptions 
c. Erysipeloid 
IIT. Subcutaneous trichophytids (nodules found in the hypoderm of the type of erythema 
nodosum) 
1. Acute resolving form 
2. Destructive chronic form 
IV. Vascular trichophytids 
1. Migrating phlebitis (venous) 
2. Urticaria (capillary) 
3. Purpuric 


As can be seen from TABLE 1, the trichophytids can be classified under 
four headings, depending on their histologic and clinical characteristics. 
The epidermal and cutaneous types are the most common. The lesions 
under Group IV have only lately been recognized as trichophytids, and I 
have observed several cases in which the recurrent phlebitis seems to be 
accompanied by other vascular sensitivities, even epileptiform seizures. 
No doubt the most important and frequent trichophytid observed is that 
accompanying epidermophytosis. The epidermophytosis is usually on the 
feet, while the epidermophytids are on the hands. The essential proofs 
for their relationship, as laid down in previous paragraphs, have been well 
established in this important group by the work of Peck and W. Jadassohn. 
Even such difficult evidence as positive blood cultures for fungi have been 
presented by Peck and Strickler, Ozellers, and Zaletel. Furthermore, Peck 
has been able to reproduce the whole clinical syndrome experimentally in 
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humans. This was the first time that a spontaneous experimental tricho- 
phytid had been reproduced in a human subject. 

While the dyshydrotic trichophytids and the type known as dyshydrosis 
Lamellosa sicca are fairly easy to diagnose, the eczematoid trichophytids, 
especially when they occur on the hands, are often impossible to differentiate 
from ordinary eczema. It is just in this group that failures of diagnosis 
occur, because of the great prevalence of epidermophytosis of the feet, with 
its accompanying positive trichophytin reaction. This difficulty of diagnosis 
and the need for methods of differentiation is well recognized by all workers 
in the field. It is for this reason that serological criteria for diagnosis have 
been attempted. 

Recent literature, both foreign and American, has become increasingly 
filled with the discussion of levurids: those mycids which are due to monilia. 
Ravaut, a pupil of Sabouraud, described the first cases. Very interesting 
examples of such eruptions have been demonstrated by Ramel, Hopkins, 
and others. As Bloch has pointed out, in discussing the research of Stae- 
helin from his Institute, it is very difficult to prove that an eruption is a 
levurid. One of the chief stumbling blocks seems to be to prove a patho- 
genic role for monilia cultured from what is called the primary lesions. It is 
difficult to be certain that the reaction following the intradermal injection of 
oidiomycin is based on true hypersensitivity because of its practically one 
hundred per cent incidence in the adult. The last, however, cannot be 
considered as very strong negative evidence when we consider that the 
number of the oidiomycin reactions increases with the age group and that, 
in certain classes of the population, even the tuberculin reaction may 
approach one hundred per cent incidence. However, one of the most 
important steps in the evidence necessary to prove the existence of lev- 
urids, namely, positive blood cultures taken under rigid control conditions, 
is lacking. 

Nevertheless, the question of the role of monilia and related organisms 
as secondary invaders in fungus infections, eczema, and other skin condi- 
tions must be considered, especially if we are to place any value on a posi- 
tive oidiomycin reaction. 


Incidence of Dermatophytosis in the General Population 


When the incidence of dermatophytosis in the general population was 
discussed, until the recent epidemic of tinea capitis, the discussion was 
mainly concerned with fungus infections of the feet, hands, and groins. 
A number of authors have investigated this problem. The largest group 
of cases included in one study was that carried out by the Public Health 
Service in 1943-1944 Approximately 2100 people living in the District 
of Columbia, New Jersey, Connecticut, Indiana, and Louisiana were in- 
cluded in the pH survey. The effects of different seasons on the incidence 
of dermatophytosis also were studied. The fungus infections encountered 
rarely affected parts of the body other than the hands and feet. In that 
study, 1393 men and 733 women were examined. Their ages varied from 
17 to 70 years, but most of those examined were in the second and third 
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decade. Based on clinical and cultural grounds the classification of the 
examinees were as follows: positive 590 (27.79 per cent); doubtful 714 
(33.63 per cent), and negative 819 (38.57 per cent). Classified according 
to sex, of 1393 men, 391 (28.06 per cent) were in the positive group, 500 
(35.89 per cent) in the doubtful group, and 502 (36.03 per cent) in the 
negative group. Of 733 women, 199 (27.2 per cent) were in the positive 
group, 214 (29.31 per cent) were in the doubtful group, and 317 (43.42 
per cent) were in the negative group. 

It was shown by cultural study that some patients in the clinically doubt- 
- ful group had true dermatophytosis. There was no significant difference 
in sex incidence. When the same personnel were examined at different 
seasons, the number of clinically negative patients rose from 13 per cent to 
19 per cent in the summer to 54 per cent in the winter. Thus it can be seen 
that there is a definite influence of seasons as far as clinical evidence of the 
activity of fungus infections is concerned. The most frequent pathogenic 
fungus recovered was T. gypseum. T. purpureum was next in frequency and 
E. inguinale was only recovered from an occasional case. All of the cultures 
of T. purpureum were recovered in one locality. 

The work of Osborn and Hitchcock*® seems to show that the women are 
less affected with dermatophytosis than the men. The Public Health 
Service surveys, however, did not show any significant difference in sex 
incidence. 

During the war it was found that 8 per cent of all hospital admissions 
in the Army and the Navy were for cutaneous disease and that dermatophy- 
tosis ran second on the list. 

According to Weidman and his associates‘, the estimates of Peck ef al.’ 
of the incidence of clinically active dermatophytosis of the feet is conserva- 
tive. They maintain that approximately 65 per cent of the population is 
affected. Children below the age of 10 on the whole have a very low inci- 
dence of foot mycoses. 

Scalp ringworm has always been endemic in a small percentage of the 
children in the country. Early in 1942, however, it became apparent that 
infection of the scalp with fungi was rapidly assuming epidemic proportions. 
By 1945 the epidemic, which first started in large Eastern centers, rapidly 
swept westward and it is now nationwide. It is well known that at or 
shortly after puberty tinea of the scalp, as it is commonly seen, disappears 
spontaneously. 

Thousands of cases of tinea capitis have been examined in the last few 
years and the causative fungus isolated. Most observers have noted that 
- Microsporon auduini and Microsporon lanosum were responsible for nearly 

all of the cases of scalp ringworm. However, the majority of observers 
, agree that all but a few of the cases in the present epidemic were found to 
be infected by M. auduini. The scalp ringworm due to a microsporon of 
animal type like M. lanosum is associated with a large proportion of sensi- 
tization to the fungus. The human type of microsporon like M. auduini 
is much more resistant to local therapy because of the lack of accompanying 
sensitization. 
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In a recent study? of the 6598 pupils of grade and junior high schools in 
Hagerstown, approximately 8.3 per cent were discovered to have ringworm 
of the scalp, nearly all due to M. auduini. During the period of the study, 
August 1944 to November 1945, the number of boys infected was 174 
per cent of the boys examined; the number of girls infected was 2.1 per cent 
of the number of girls examined. Most of those affected were under 12 
years of age. 


Incidence of Trichophytin Sensitivity 


To obtain an idea of fungus allergy in the general population, the tri- 
chophytin test was performed on 776 persons living in different sections 
of the country. Of these, 57.47 per cent could be classified as negative 
and 42.53 per cent had a reaction which varied from one to four plus. 

It was interesting to note that, of 558 males tested, 48 per cent showed 
a positive reaction. Of 218 females tested, 29.96 per cent showed a positive 
reaction. This was of interest because it was found that there were prac- 
tically as many women as men with clinically positive evidence of fungus 
infection of the feet. The statement is frequently made that a positive 
trichophytin reaction is only an indication that the patient has once had a 
fungus infection and gives little information about the present activity 
of the infection. Our analysis of the results of the trichophytin test indicates 
that the trichophytin test shows a greater number of positive reactions in 
patients with active fungus infection of the feet than those who were clas- 
sified as clinically negative. To some extent, the degree of reaction seems 
to bear a relation to the clinical activity of the infection. Lewis and Hopper 
found that 60 per cent of their patients with T. gypseum infection of the 
feet reacted to trichophytin. The number of trichophytin reactions rose 
to 87 per cent when definite clinical activity was present. 

In a recent study by Peck e¢ al.,7 406 adults living in and around New 
York were tested with trichophytin. Of these, 27.4 per cent were found 
to be positive. There were 250 males, with 36.9 per cent positive reac- 
tions, and 156 females, who had 14.2 per cent positive reactions. Also, 101 
children under 12 years of age were tested with trichophytin and there 
was no positive trichophytin test in any of these cases. 


Nature of the Trichophytin Antigens 


Trichophytin may be defined as an extract of fungi which is used both 
for diagnosis and treatment. It has been firmly established by many 
investigators, since the original preparation of trichophytin in 1902 by 
Plato and Neisser, that the positive reaction following the intracutaneous 
administration of this substance is due to a specific sensitivity resulting 
from a fungus—that is, a trichophyton infection. 

Fungi of the Epidermophyton, Trichophyton, and other genera contain a 
general sensitizing factor, so that a patient infected with a Trichophyton, 
in whom a hypersensitivity has developed, will show a positive trichophytin 
reaction with an extract made from any of these organisms. According to 
Jadassohn, Schaaf, and Laetsch’ there is an additional specie-specific excit- 
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ant which may not be present in any other members of the group. Because 
the reaction of sensitivity may be limited to this specific excitant, one may 
occasionally obtain a negative reaction to a trichophytin test even in the 
presence of ids, if the specific trichophytin used lacks this substance. 

Trichophytin, as it is commercially available, is a complex material, 
probably containing a number of different antigens, the potency of which 
is dependent to a great extent on the method of preparation.’ Therefore, 
it is of prime importance that, before it is used, some understanding be 
_ obtained of the method of preparation of the particular extract used for 
testing or treatment. 

The usual method of preparation of trichophytin consists of inoculation of 
Sabouraud’s bouillon with T. gypsewm or T. interdigitale contained in a large 
Erlenmeyer or Roux flask at a pH of about 6.5 to 7. Growth is allowed 
to proceed at room temperature for 10 to 12 weeks until a large surface 
pellicle is formed. The pellicle is then tricherated with sand in a mortar 
after preliminary freezing with solid carbon dioxide. This freezing facili- 
tates the breaking up of the mass of mycelium and spores. A sufficient 
amount of the bouillon is added to make a sludge. The semiliquid mass is 
placed in a shaking machine for 24 hours. It is then kept in an incubator 
for another 24 hours and again shaken for 24 hours. The mass of growth 
and broth is filtered through several thicknesses of filter paper and the 
filter is passed through a Seitz filter. The final filtrate may have to be 
diluted before use in order to avoid nonspecific reactions. ‘It has been 
used for cutaneous tests and for treatment. Usually, 0.5 per cent phenol is 
added as a preservative. 

There are 3 commercial fungus extracts available which are all called 
trichophytin. They are obtained by different methods of manufacture and 
are therefore not similar either quantitatively or qualitatively. It is obvious 
that since we lack a method of standardization the results obtained by the 
use of these different extracts are not comparable. 

Bloch, Labouchere, and Schaaf,!° in 1925, isolated from ordinary tri- 
chophytin a starch-like protein-free polysaccharide. Nitrogen, however, 
was still present after purification. These authors were able to demon- 
strate that this polysaccharide will still elicit positive reactions in patients 
sensitive to ordinary trichophytin. In addition, they demonstrated that 
it produced specific cutaneous reactions in guinea pigs infected by fungi and 
elicited a Shultz-Dale reaction in the uterine strip of guinea pigs previously 
infected with fungi. These experiments indicate that most likely the poly- 
saccharide was an active and specific principle of trichophytin. 

Da Fonseca and his collaborators" prepared what they called a classo-_ 
vaccine from over 300 strains of fungi, including Trichophyton, Microsporon, 
Epidermophyton, and Endodermophyton. This was protein-free and seemed 
to consist of a carbohydrate which closely resembled the preparation of 
Bloch. The Classo extract was said to be efficacious in treatment of many 
kinds of fungus infections, but it did not contain the skin-reactive substance 
capable of eliciting a positive reaction to a trichophytin test. Sulzberger, 
Lewis, and Wise!” tested the Classo extract in a large series of patients and 
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were able to show that it did contain the skin-test principle. Da Fonseca 
and his collaborators had another preparation which was used exclusively 
for intradermal testing and had no therapeutic action. 

Peck and Glick,® in a series of experiments, were able to show that the 
skin-reactive factor which is responsible for the elicitation of a positive 
cutaneous reaction to trichophytin is found in both the bouillon and the 
pellicle of a culture of T. gypsewm on Sabouraud’s bouillon. This skin- 
reactive factor could be demonstrated to be present in the pellicle from 
the latter’s earliest appearance. In their experiments, enough pellicle 
material could be gathered in 7 days to demonstrate this specific factor. 
Such concentrations remained at approximately the same level throughout 
the whole period of the experiment, that is, 66 days. 

In the bouillon, however, the concentration of the skin-reactive factor 
increased with the age of the culture under ordinary growth conditions. 
It could be demonstrated to be present in 7 days, but reached its maximum 
concentration in 40 to 50 days under varied. experimental conditions. 

In further experimentation Peck, Glick, and Weissbard’? were able to 
show the following results. When Sabouraud’s bouillon was acidified with 
hydrochloric acid or phosphate (MclIllvane) buffers and inoculated with 
T. gypseum, there was a rise in pH. In approximately 75 to 80 days, it 
attained a pH of 8.6 and after that the pH remained relatively unchanged. 
With the rise in the pH value, the skin-reactive principle began to appear 
and, within limits, its concentration roughly paralleled the rise of the hydro- 
gen ion concentration. A rise in pH from 4.0 to 6.0, even if it occurred 
in a relatively short time, usually indicated a concentration of skin-test 
principle which was in excess of that found in equivalent amount of Lederle 
1-30 trichophytin. 

When Sabouraud’s bouillon was initiated on the alkaline side by the ad- 
dition of 1-5 phosphate buffers at a pH of 9.0 or 10.0 or even somewhat lower 
and inoculated with T. gypsewm, the hydrogen ion concentration usually 
dropped to below 5.0 before it increased again. _ Finally, a pH of about 8.6 
was obtained with a little further fluctuation. While the pH was dropping, 
the skin-test principles formed in a minimum quantity or not at all. It 
became manifest again as the pH began to rise and its concentration here 
also was roughly parallel to the rise in the pH value. 

T. purpureum formed less skin-test principles than T. gypseum under 
the same experimental conditions. This is of interest, since it is known 
that infection with T. purpureum is usually not associated with a positive 
trichophytin test. The total nitrogen content of trichophytin was found 
to bear no relation to the amount of skin-test factor present in bouillon. 
They were able to prepare trichophytin fractions in which apparently there 
was very little or no skin-test principle. Such trichophytins were shown 
to be extremely effective in producing rapid desensitization in suitable pa- 
tients without any local or focal reactions. The experiments cited suggest 
that the skin-test factor is not necessarily identical with the desensitizing 
principle. Apparently some separation of one of these two factors has been 
accomplished. 
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Peck and Hewitt," in 1945, were apparently able to demonstrate that several 
members of the group of fungi occurring in clinical lesions of dermatophytosis 
were found to elaborate a factor antagonistic to certain other microorgan- 
isms. 

This factor appeared to be similar to penicillin in the following respects: 
(a) enhanced production on media containing corn-steep liquor; (b) spec- 
trum of activity and behaviour towards penicillin-resistant organisms; (c) 
sensitivity to pH and temperature, and (d) destruction by clorase. 


The Significance of Dermatophytosis as an Occupational Health Problem 


Very little data has appeared which could be used to evaluate the impor- 
tance of dermatophytosis as a factor in sickness absenteeism among indus- 
trial workers until the paper by Peck e/ al.2 Dermatophytosis was not listed 
separately as the cause of absenteeism in the published statistics by the 
U.S. Public Health Service. It was a common impression among dermatolo- 
gists and industrial physicians that not only did dermatophytosis contribute 
considerably to lost time in industry but the presence of a fungus infection, 
especially of the feet, predisposed workers to other allergic contact derma- 
toses. 

Gafafer™ listed the frequency and duration of disabilities causing absence 
from work among the employees of a large public utility for a five-year 
period. He found that there were only 0.0142 calendar days disability per 
male reported for mycosis of the feet as against 8.836 calendar days disability 
per male from all disabilities. 

When the incidence of dermatophytosis of the feet was studied in indus- 
trial plants in many sections of the country, it was shown that the incidence 
of dermatophytosis was high in the plant population examined but not so 
high as we were led to believe. 

It was important, first of all, to determine whether dermatophytosis 
was an industrial disease. In many industrial plants, showers are compul- 
sory after work. | If shower-room flooring was an important source of fungus 
infections of the feet, the incidence of this disease should be higher among 
those workers taking compulsory showers than among those in the same 
plant who did not. The result of the investigation demonstrated that, while 
it was possible under certain special conditions to deposit fungi from in- 
fected feet and thus give the possibility of infecting shower flooring, the 
chance of doing so under actual conditions were small. A much more likely 
possibility than the acquisition of fungus infections from the shower-room 
flooring was the aggravation of an already existing fungus infection by the 
* industrial environment. Ill-fitting heavy shoes such as safety shoes, espe- 
_-cially in those cases where the worker was on his feet a great deal, increased 
sweating of the feet due to such shoes, the wearing of heavy wool socks, 
and exposure to insoluble oil which saturated the shoes and the socks and 
interfered with the evaporation of sweat all promoted maceration between 
the toes and on the soles and thus aggravated a pre-existing fungus infec- 


tion. 
Peck ef al2 also carried out a study of the incidence of a fungus infection 
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in approximately 800 industrial workers and its relation to occupational 
dermatoses. Of these workers, approximately 43 per cent showed a posi- 
tive trichophytin test, indicating sensitivity to fungi and/or their products. 
Among these cases, however, there were so few cases of allergic dermatoses 
that no conclusions could be drawn as to the relationship of trichophytin 
sensitivity to allergic dermatitis. However, when the incidence of positive 
trichophytin tests was studied among a group of cases with contact allergic 
dermatitis, it was found to be no greater than that among the general indus- 
trial population. If trichophytin sensitization as such played a role in the 
development of allergic contact dermatitis, the number of positive tricho- 
phytin cases should have been higher in this group than in those who did not 
have a sensitivity to the materials which they contacted. 

It could be concluded from these studies that fungus infections play a 
minor role as causes of absenteeism, and sensitivity to fungi, while it is of 
frequent occurrence, plays no important role as a predisposing factor to the 
acquisition of other allergic contact dermatoses. 


The Relationship between Fungus Infections and Penicillin Sensitivity 


So far it is apparent that fungus antigens play an important role in eliciting 
allergic manifestations in the general population both because of the high 
incidence of fungus infection and because a relatively large number of those 
infected acquire a sensitivity to the fungi and/or their products. With the 
introduction of the antibiotics into therapeutics, however, the importance 
of the fungus antigens as causes of allergic reaction has immeasurably in- 
creased. 

The clinical reactions to penicillin are of two major types: reaction of the 
urticarial, serum-sickness-like type and reactions with an erythemato-ve- 
sicular eruption resembling the trichophytids. 

The urticaria and erythemas, together with joint pain, and fever in some 
instances, comprise the commonest allergic reactions to penicillin. The 
induced urticarial form of penicillin allergy is often temporary, even tran- 
sient in character. This is an induced sensitivity and requires a definite 
incubation period varying from five days to three weeks. In a recent study 
by Peck ef al.,° it was shown that among 130 patients who received penicillin 
there were 25, or about 19 per cent, who exhibited such an acquired sensi- 
tivity. In approximately 40 per cent of those developing this sensitivity, 
a positive penicillin test of the delayed type could be elicited. Previous 
fungus disease is not considered to have played a role in this form of induced 
sensitivity. 

Penicillin reactions of the erythemato-vesicular type resemble trichophy- 
tids. This form of penicillin sensitivity may be conceived of as existing ina 
latent and active stage. The latent stage is characterized simply by the 
presence of a positive 48-hour penicillin skin test without any history of 
previous penicillin administration. Attention to the so-called “‘spontane- 
ous” positive skin test was first drawn by Welch and Rostenberg. The 
active stage, based upon the pre-existing latent sensitivity, appears after 
exposure to penicillin and resembles the trichophytid because it is charac- 
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terized by an erythemato-vesicular eruption which tends to localize prima- 
rily on the hands, feet, and groins but may become generalized. 

Among 276 adults who had not received penicillin, there was an incidence 
of 5.4 per cent with a positive delayed reaction to penicillin.? Welch and 
Rostenberg,’° in a small series tested, found an incidence of 5 per cent. 
Sixty-five children below 12 years of age were tested and none showed a 
positive reaction. Similar observations were reported by Cormia and 
Lewis.” 

The work of Peck and Hewitt! explains the mechanism by which derma- 

' tophytons may induce a positive penicillin test and ultimately lead to 
reactions to penicillin which resemble those of the trichophytids. The 
results of their investigations, as previously cited, showed that the common 
pathogenic fungi mainly responsible for many of the dermatomycoses are 
capable of producing an antibiotic possessing many of the properties of 
penicillin. In the course of a fungus infection of the skin, there are a 

number of antigens elaborated by the infectious agent. One of those is 
responsible for the positive trichophytin test and trichophytin sensitivity, 
and another leads to the so-called “‘spontaneous”’ pencillin test and repre- 
sents the latent phase of penicillin sensitivity. 

The relationship of the incidence of the ‘‘spontaneous’’ positive penicillin 
test to the trichophytin reaction is of interest. The trichophytin test 
carried out simultaneously in the patients who have not received penicillin 
treatment showed positive reactions in 33.3 per cent. Among the penicillin- 
positive patients there were 60 per cent who had showed a positive tricho- 
phytin reaction, practically twice as frequent as among penicillin-negative 
individuals. Furthermore, the percentage of patients sensitive to penicillin 
among trichophytin-positive individuals was 9.7 per cent, as against 3.2 
per cent among trichophytin-negative persons. Additional evidence of 
the relationship between previous fungus infection of the skin and tricho- 
phytin sensitivity on the one hand, and “spontaneous” penicillin sensitivity 
on the other, is found in our observations on 165 children ranging in age 
from 2 months to 12 years who had never received penicillin. In none 
of these was either the penicillin or trichophytin test positive. These nega- 
tive findings are in accord with the known fact that, even if present, fungus 
infections in the form of dermatophytosis rarely produce sensitivity to tri- 
chophytin in children below 12 years of age. 

It has been shown that in spite of practically the same incidence of fungus 
infection among males and females there was a much higher percentage of 
males who acquired a sensitivity than females. This trend also applies to 

- penicillin sensitivity. Among 130 patients who received penicillin, there 
were 32 with skin eruptions, 34.2 per cent of all males developing them as 
" against only 8.3 per cent of females. how: 

Among 276 adults whom we treated who had never received penicillin, 
there were 168 males, of whom 6.05 per cent showed the so-called ‘“‘spontane- 
ous” positive reaction. Of 108 females only 4, or 3.7 per cent, showed a 
positive reaction. 

The active stage of penicillin sensitivity occurs during treatment. Unlike 
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the induced form, this reaction can occur on the first day or two or even on 
the first administration of penicillin. We had seven such cases. All were 
males and the trichophytin and penicillin tests were positive in each case. 
The much higher incidence of positive penicillin and trichophytin tests in 
this group than in the urticarial form of reaction is indicative of pre-existing 
sensitivity and its relation to fungus disease. Patients with this type of 
penicillin sensitivity usually have persistent penicillin allergy of varying 
degrees. ' 

There is no common antigen between crystallin penicillin and tricho- 
phytin. Wel® have been able to show that the antigenicity of penicillin 
closely parallels antibiotic potency. In contrast with penicillin, trichophy- 
tin is much more stable and will act as an antigen after long standing and 
after heating. As a final evidence that the penicillin and trichophytin 
antigens are not identical, it is possible, when penicillin and trichophytin 
sensitivity co-exist, to desensitize the patient with increasing doses of pen- 
icillin and convert the positive 48-hour penicillin skin test to negative with- 
out in any way altering the trichophytin reaction.’® 

Experimental evidences'* suggest that streptomycin, as at present com- 
mercially available, contains an antigen closely related to penicillin. Peni- 
cillin itself may be present in small amounts in streptomycin. Also, there 
is a possibility that streptomycin and trichophytin contain a common an- 
tigen present in larger amounts in the latter. If it is true that there is in 
streptomycin as it is now available a penicillin-like antigen or even penicillin 
itself, and an antigen common to both trichophytin and streptomycin, we 
can expect a high incidence of sensitivity reactions in individuals receiving 
streptomycin. Furthermore, caution must be carried out in administering 
streptomycin in patients already sensitive to penicillin. 

There are many new antibiotics constantly being reported. Since it 
is a long and tedious, as well as expensive, process to crystallize these new 
products, it is perhaps worth while to bear in mind the origin of the anti- 
biotic. If the antibiotic presents an entirely new bacterial spectrum which 
is different from that in any of the other known antibiotics, then of course 
there is no question but that a great deal of work should be carried out in 
obtaining as pure a product as possible. However, if the origin of the an- 
tibiotic is from organisms both pathogenic and nonpathogenic, which have 
the human as the host, it is well to consider that such antibiotics may have 
a strong tendency to elicit sensitivity phenomenon. 
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PRACTICAL APPLICATIONS OF IMMUNOLOGIC PRINCIPLES 
IN THE DIAGNOSIS AND TREATMENT OF FUNGUS 
INFECTIONS 


By Donald S. Martin* 


Department of Preventive Medicine and Public Health, Duke University School of Medicine 
and Duke Hospital, Durham, North Carolina 


The immunologic reactions in most fungus diseases differ markedly from 
those usually encountered in the acute bacterial, viral, or Rickettsial infec- 
tions. In general, the fungi causing systemic diseases are relatively non- 
toxic and weakly antigenic, the immune mechanisms of the body responding 
only in a sluggish manner to the presence of the invading fungus. However, 
this weak antibody response may be explained in part by the relative in- 
sensitivity of the antigens which we have employed for the cutaneous and 
serologic tests. 

Our experience has been limited largely to cases of North American blasto- 
mycosis and pulmonary moniliasis. The test materials used in these dis- 
eases have consisted almost entirely of crude saline suspensions of heat-killed 
fungi. Most of the patients who came to the clinic had had their disease for 
months or even years and there was no difficulty in establishing the diagnosis 
by mycologic methods. The immunologic tests, therefore, were applied to 
obtain immunologic data on individual patients for the purpose of determin- 
ing the type of therapy. The following data all were obtained by examina- 
tion of the hospital records of 24 cases of systemic blastomycosis and 20 pa- 
tients with the cutaneous form of the disease. 

With a few exceptions, the skin-testing material used in blastomycosis 
consisted of a vaccine made from a yeast-like phase of Blastomyces dermati- 
iidis cultivated on blood agar at 37°C. The vaccine was standardized by 
making a 1-1000 suspension of the packed cells in physiologic saline and 
then sterilized by heating to 60°C. for two hours. 

Of the twenty patients with cutaneous blastomycosis, fifteen were skin 
tested with vaccine and all fifteen reacted positively. Of the twenty-four 
patients with the systemic type of infection, nineteen were skin tested, but 
only nine, or about one half, of the patients reacted positively. The remain- 
ing ten patients gave negative responses to intracutaneous injections of the 
vaccine. Of numerous skin tests on patients without blastomycosis, none 
has given a positive test. 

The relative specificity of the skin reaction is in contrast to the experience 
of others who have tested infected animals and shown cross reactions be- 
tween Blastomyces dermatitidis and Histoplasma capsulatum antigens 472000 
should be emphasized that the skin tests on the infected animals were made 
with “blastomycin” and “histoplasmin,” preparations which consist es- 
sentially of filtrates of cultures grown for a long time on a broth medium. 
Such extracts may be more sensitive in eliciting skin reactivity, or nonspecific 
factors may be contained in the filtrate, accounting for the cross reactions 
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observed in animals. The great variations in potency among different lots 
of such extracts has been emphasized by Howell.? Most probably, the ap- 
parent specificity of the reaction-to our vaccine is accounted for by the small 
amount of antigen present in the crude vaccine. Such skin-testing materials 
probably would be far too insensitive to be of any value in a survey of popu- 
lation groups for evidences of a previous infection, but, from the standpoint 
of the patient with active disease, the results have proven to be of value. In 
extremely hypersensitive patients, sterile abscesses are found at the site of 
injection. 

From the standpoint of therapy, a positive skin test in skin blastomycosis 
is indication for desensitization treatment with vaccine before applying 
X-ray treatments or administering iodides. Response to small doses of 
X rays is much more rapid if the patient is partially desensitized, and we 
have seen skin lesions spread rapidly ina hypersensitive patient who was given 
large doses of potassium iodide without preliminary vaccine treatment. 

The low percentage of positive skin tests to Blastomyces vaccine obtained 
in systemic blastomycosis has been interpreted as indicating a state of 
anergy in such patients. Of the nine patients with positive skin tests, three 
died, four showed marked improvement, and two were classified as cured, 
one of these patients remaining well for the past thirteen years. Of the ten 
patients with negative skin tests, four have died, two showed no improve- 
ment when they left the hospital, and one was not followed. Four patients 
improved, two of them following treatment with immune serum. In our 
experience, a negative skin test to the vaccine suggests a more serious prog- 
nosis than does a positive reaction. 

The present complement fixation tests for Blastomyces dermatitidis are 
unsatisfactory. In most of these tests, we have used as antigen a living 
suspension of yeast-like organisms. The dose of antigen employed in each 
test was based on the anticomplementary titer of the suspension, a property 
which has no relationship to the combining power of the antigen. The large 
cells of Blastomyces in such a suspension provide a relatively low surface to 
volume ratio and it is not surprising that negative or low titers are obtained 
in clinical infections. Serologic tests were done on only seven patients with 
cutaneous blastomycosis, and five of them gave positive results, although 
the titers were relatively low. Eight of seventeen systemic cases gave posi- 
tive complement fixation tests, and, in general, the titers were higher in the 
systemic infection than in patients with only cutaneous involvement. 

It was suggested at one time? that the prognosis of the patient could be 
correlated with the reaction to the skin test and the serum antibody titer. 
~ However, as more cases have been studied, so much variation has been found 
_that we feel less inclined to attach too much prognostic significance to the 

results of the tests alone. It is felt that if a more sensitive and better stand- 
ardized complement-fixing antigen could be developed, the serum antibody 
titer might have significance. ie 

Preliminary experiments have indicated that a protein fraction, precipl- 

tated from a yeastlike Blastomyces cell, ruptured by sonic waves, 1s an excel- 
lent complement-fixing antigen. Interestingly enough, the polysaccharide 
precipitated from these ruptured cells fixes guinea pig complement with im- 
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mune rabbit sera but not with sera of patients with blactomycosis. This 
finding corresponds with the well-known results of complement-fixation tests 
with pneumococcus polysaccharide as antigen, in which fixation 1s obtained 
when the rabbit antibody-guinea pig complement-polysaccharide antigen 
system is used, but not when human antibody is substituted for the rabbit 
antibody. The extracted protein fractions of Blastomyces, however, will fix 
guinea pig complement with both rabbit and human antibodies. 

We have made it a practice to skin test all patients with pulmonary 
moniliasis. The skin test itself is of no value as a diagnostic agent because 
of the extremely high incidence of positive skin tests in the general popula- 
tion. Candida albicans occurs so frequently in the oral cavities, feces, etc. 
of normal patients that the finding of a positive skin test in a normal individ- 
ual should ‘occasion no surprise. It must be emphasized that a diagnosis of 
pulmonary moniliasis can be made only with difficulty, because C. albicans is 
such a common secondary invader in many types of chronic pulmonary dis- 
ease. However, once the diagnosis of pulmonary moniliasis has been es- 
tablished, a skin test should be done in order to plan a course of therapy. 
We have seen hypersensitive patients clear up entirely after injection of 
desensitizing doses of vaccine. On the other hand, a dramatic improvement 
followed antiserum therapy in a case of pulmonary moniliasis in which the 
skin test to vaccine was negative. 

Although excellent agglutination reactions are obtained easily with hyper- 
immune rabbit sera, it has been our experience that the agglutination re- 
actions with human sera are very unsatisfactory even in patients with definite 
clinical manifestations of moniliasis. The problem was studied by Mrs. Rees 
in this laboratory, and it was found that clear-cut agglutination occurred 
with human sera if the yeast cells were washed twice in saline before setting 
up the agglutination test. That inhibition of the agglutination reaction 
with unwashed cells was due to the blocking action of soluble antigen in the 
surrounding fluid was proven by washing the cells and resuspending them in 
the supernate of the first washing. Such supernates not only reduced the 
serum titer by one to two tubes but also made a great change in the qualita- 
tive appearance of the agglutinated clumps. Agglutination of the washed 
cells resulted in the formation of definite large clumps which were distin- 
guished easily from the controls. 

Unfortunately from the diagnostic standpoint, the increase in sensitivity 
of the test has resulted in the finding of definite anti-Candida albicans agglu- 
tinins in a relatively high percentage of normal individuals. In examining 
218 sera sent to the serologic laboratory for Wassermann tests, it was found 
that 65 per cent of these sera gave positive agglutination reactions for C. 
albicans in a titer of 1-20 or higher. Sixty-five of eighty-six females (75 per 
cent) and seventy-eight of 132 males (57 per cent) gave positive reactions. 
The highest age and sex incidence (87 per cent) was found in females in the 
21 to 40 age group. 

The differences in results obtained with unwashed and washed cells were 
investigated by testing 134 sera using both methods. Of 100 sera which 
gave negative reactions with unwashed suspensions, 53 were negative also 
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with the washed cells. Of the remaining 47 sera, 15 gave a titer of 1-20, 
20 of 1-40, 8 of 1-80, and 4 of 1-160 with the washed cells. 


Summary and Conclusions 


It is felt that future efforts should be directed toward the development of 
more sensitive and better standardized antigens so that the results of sero- 
logic and skin tests can be evaluated more accurately and correlated with 
the clinical picture of the infected patient. Preliminary experiments have 
_ indicated that the disintegration of pathogenic fungi by the sonic oscillator 
may permit the extraction of relatively pure testing substances. It remains 
to be seen whether or not the development of more sensitive Blastomyces 
dermatilidis antigens will result in the finding of evidence of subclinical in- 
fections in endemic areas such as North Carolina. 
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HISTOPLASMIN SKIN TEST 
By Alexander M. Iams 


Department of Pediatrics, University of Minnesota, Minneapolis, Minnesota 


In the past five years, histoplasmosis has assumed a more important role 
in American medicine than most diseases of such apparent clinical rarity. 
Since Darling’s first case of histoplasmosis was reported in 1906, over ninety 
proven cases of the disease have appeared in the literature.’ In spite of this 
small number of reported cases, a great deal of interest has been aroused by 
a series of papers concerning the histoplasmin skin test and its relationship 
to pulmonary calcification. 

In 1943, Long and Stearns,” in a review of 53,400 induction-center roent- 
genograms of the army inductees, noted that “the incidence of calcified lesions 
presumed to represent healed tuberculosis corresponds to the now well-known 
pattern of regional differences in the United States. High incidence, (over 
15 per cent) was noted in a region bounded roughly by Fort Oglethorpe, 
Georgia; Jefferson Barracks, Missouri; Little Rock, Arkansas; and Colum- 
bus, Ohio. In general, the calcifications noted in the films of men from this 
region were considerably larger and more extensive than those in men from 
other parts of the country. Also, disseminated miliary calcifications vari- 
ously believed to represent healed residuals of a post-primary hematogenous 
dissemination of tuberculous, or perhaps in some cases, a healed fungus in- 
fection of the lungs, seemed relatively more frequent in this area.”’ 

Other authors*~” previously noted that, in the area where there was found 
a high incidence of pulmonary calcifications, there was also a high percentage 
of negative Mantoux reactors in these same patients. 

Smith,® in discussing the coccidioidin skin test and its specificity, stated 
that “some individuals from Missouri, Illinois, Michigan, Indiana, Tennes- 
see, Kentucky, Ohio, West Virginia, Pennsylvania, and New York may have 
borderline positives, while a few are undoubtedly positive. This is the area 
of pulmonary calcifications in tuberculous negative persons and is also the 
endemic area of histoplasmosis.” 

Some investigators*: °: 1° feel that the negative tuberculin reactions in 
patients with pulmonary calcifications are due to loss of sensitivity with the 
healing of the tuberculous lesion. This has not been generally accepted, 
however. In 1945, and later in 1946, Palmer,"': ” following the suggestions 
of Smith and of Christie, reported the histoplasmin skin reactions of 10,580 
nurses from all sections of the United States. In an area closely simulating 
that described by Long and Stearns,” 68.3 per cent were positive reactors. 
Christie and Peterson,'*" in a series of three articles in 1945 and 1946, re- 
ported 2,032 histoplasmin skin reactions, most of which were from the Mis- 
sissippi River basin. They found percentages of positive reactors ranging 
from 59.4 per cent to 83.9 percent. In 1946 and 1947, Zwerling and Palmer'® 
reported a series of 698 patients with pulmonary calcification. Of these, 
494 were histoplasmin positive, tuberculin negative. 

Furcolow e/ al.” reported the longest series of more than 17,000 tests from 
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Kansas City and had findings comparable to those of Christie and Peterson. 
With all the interest aroused by these observations and because no studies 
of the histoplasmin skin test in children have been undertaken in Minne- 
apolis, I thought it would be of value to make a random sampling of the 
children in the Twin Cities. At the present, our study of children in the 

Minneapolis area is still inadequate to show anything but trends. A more 
_ complete survey will be reported later. These tests, compared with a series 
of tests on adults in Minneapolis being carried out by Johnson,'* combined 
_ with other reported surveys and analyzed as to age, sex, race, tuberculin re- 
action, and pulmonary calcification, might be of interest. 


Material and Methods of Present Study 


Through the cooperation of the Department of Pediatrics, University of 
Minnesota, the histoplasmin skin test was introduced as a routine test on 
the pediatric floors at the University Hospital and Minneapolis General 
Hospital. Other studies have been done at the Catholic Boys’ Home and 
Northwestern Hospital, Minneapolis. Tuberculin studies were also done 
at the same time. Roentgenograms of the chest have been planned for any 
positive reactors. The antigen used was kindly furnished by Dr. C. W. 
Emmons of the National Institute of Health. It was from the lot H;. The 
dilution of 1:100 was used and 0.1 cc. was injected intradermally. A test 
was considered positive if the area of induration was more than 5 mm. in 
diameter in 48 hours. 

So far, we have done 210 tests, of which only two were positive, or 1.0 per 
cent. This is in contrast to the figures of Johnson" of this city who, in 500 
adult cases, found 41 (8.0 per cent) positive reactors. His figures agree 
with those of Palmer." It is also significant that he used a dilution of 
1:1000. 

Thus, our figures are much lower so far than other investigators, and, if 
any conclusion can be drawn, it might be said that the histoplasmin sensitiv- 
ity in this area is developed at a later age than 15 years. 


Review of Other Studies 


The Antigen. Van Pernis, Bensen, and Holinger!® first prepared histo- 
plasmin from dextrose broth cultures of the fungus. Zarafonetis ed al.” 
also reported the preparation and use of histoplasmin antigen. However, 
most of the recent studies have been done with antigens prepared by either 
C. W. Emmons or Amos Christie. The former prepares” his antigen from 
cultures of H. capsulatum grown on a medium similar to that used for tuber- 
culin, containing asparagine, dipotassium phosphate, sodium citrate, mag- 
“nesium sulfate, ferric citrate, dextrose, glycerine, and water. A three- 
month culture of the fungus is filtered through a Berkfield N. filter and tested 
for sterility. Merthiolate is added in concentration of 1:10,000. Christie’s 
method of preparation has not been published, but I assume it is similar to 
that of Emmons. 

The Test. The material is injected in dilutions of 1:100 to 1:1000, de- 
pending on the investigator; 0.1 cc. of the substance is injected intradermally 
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and read in 48 and 72 hours. Any test showing an area of induration over 
5 mm. is considered positive. 

- Specificity. As with all skin tests used for diagnostic purposes in medi- 
cine, there have been questions raised as to the specificity of this test. Van 
Pernis ef al. first used the test both on experimental animals and on an es- 
tablished case of histoplasmosis in a human patient. Both gave positive 
reactions. The most important usage of the test, however, has been in the 
problem of pulmonary calcification, and, in this, the problem of specificity 
is of particular importance. 

Emmons” has reported the first investigation of this matter. He first 
injected 0.1 cc. of histoplasmin intradermally in dilutions of 1:10, 1:100, and 
1:1000 into twelve normal guinea pigs. None of these reacted. In four of 
these animals, he repeated the tests and in none was there any sign of irrita- 
tion or sensitization by the antigen. He then tested 39 guinea pigs with 
experimental histoplasmosis. Thirty-two of these gave reactions to a dilu- 
tion of 1:100. Also, 9 rabbits, similarly infected, gave positive reactions. 

In studying the antigen in relation to other mycoses, Emmons found that, 
in animals experimentally infected with blastomycosis, coccidioidomycosis, 
and haplosporangiomycosis, all reacted in variable percentages positively 
to the histoplasmin antigen. Of particular significance were the reactions 
to blastomycosis. All 8 test animals were positive reactors. In studying 
this reaction further, he did titration studies of the antigens of the two 
fungi, testing their cross reactions in experimental animals in many varying 
dilutions. From these studies, he concluded that ‘“There seems to be an 
almost complete cross reaction between histoplasmin and blastomycin in 
experimental blastomycosis and histoplasmosis in guinea pigs.” 

In studying 136 hospitalized patients, half of whom had atypical pul- 
monary lesions, he found 40.4 per cent reacted positively to histoplasmin - 
and 25.7 per cent reacted positively to blastomycin. The histoplasmin test 
was positive in 97 per cent of those who reacted also to blastomycin, and the 
blastomycin reacted positively to 61.8 per cent of those histoplasmin positive 
reactors. From these studies, he concluded that while this test may be of 
some use in the epidemiological field, its use as a diagnostic procedure was 
certainly limited. ; 

He also has found cross reactions experimentally with Candida albicans and 
feels this might well explain many of the positive reactors in the reported 
surveys.”° 

However, Howell” has reported the most complete study into the whole 
subject. Six strains of Histoplasma capsulatum and five of Blastomyces were 
investigated. He first compared the reactions of the different lots of each 
antigen in different dilutions ranging from 1:100 to 1:5000 and found that 
different lots of histoplasmin and blastomycin gave different percentages of 
reactors in similar dilutions. From this, he concluded that the number of 
positive reactors depends on the lot of histoplasmin used and the dilution of 
the antigen. He recommended, therefore, that the antigens be standardized, 
preferably by employing a concentration of each lot which would detect a 
similar percentage of sensitized animals. This concentration he called the 
titer, which he defined as the minimum amount which would detect sensi- 
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tivity in approximately 80 to 90 per cent of the sensitive test animals. He 
had like results with antigens prepared from heat-killed suspension of H. 
capsulatum and Blastomyces dermatitidis. 

In a different set of test animals, however, he had entirely different per- 
centages of positive reactors. From this, he concluded that the reactions 
also depend on the stage of the disease at which the tests were done. This 
he called the level of sensitivity of the animals or patients, and noted its 
importance in determining the titer of the antigen. 

He then tested the cross reactions of the animals between blastomycin, 
histoplasmin, coccidioidin, and tuberculin. As did Emmons, he found that 
there was a large number of cross reactions between histoplasmin and blasto- 
mycin. However, in using different lots and different concentrations, he 
found that the percentage of cross reactions depended on the lot and concen- 
tration of each antigen. He felt that the number was more apparent than 
real and that, if the critical titer of each was determined and used, they 
would be decreased considerably. He felt that the acquirement of blasto- 
mycosis did sensitize the animals to the histoplasmin antigen, since a much 
higher percentage reacted positively to the antigen after acquiring the disease 
than before. He does not feel that the cross reactions are “almost com- 
plete,” as Emmons says they are. 

Christie!® has deduced from his studies of the histoplasmin skin test in 
man that the cross reactions noted by Emmons are not seen in human sub- 
jects. 

Thus, one sees that the whole field of specificity is wide open still. While 
the test is not as specific as is coccidioidin, it is probably more specific than 
Emmons has shown. 


Results 


The histoplasmin skin test has been used clinically for diagnostic purposes 
too few times as yet for any definite information to be gained. It is the 
general opinion of most investigators, however, that patients with a fully 
developed clinical picture of the disease are anergic and give a negative re- 
action. This was my experience with a patient seen at the Mayo Clinic.1 
It was interesting to note that the mother of this patient reacted very posi- 
tively to the antigen. This has also been the experience of others. The 
- only deduction to be drawn from this is that both patients were exposed to 
the same source of infection, but of possibly variable dosages. The mother 
in this case showed no signs of histoplasma infection. 

As stated previously, the bulk of the tests reported in the literature have 
been done in an effort to solve the problem of the patient with pulmonary 
calcification and a negative tuberculin test. There have been 27,780 tests 
in all reported in studies of this kind. As shown in TABLE 1, 38.6 per cent 
(10,732) of these were histoplasmin-positive reactors and 61.4 per cent 
(17,048) were histoplasmin-negative reactors. None of these patients showed 
any signs of active histoplasmosis. , 

In TABLE 2, the reactions of the histoplasmin and tuberculin tests in 18,746 
of these patients are compared. In approximately 9,000 other patients, no 
tuberculin tests were reported. In the former group, 44,13 per cent were 
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histoplasmin positive and 55.87 per cent were negative, thus closely following 
those in the larger group. Histoplasmin-positive, tuberculin-positive re- 
actors were only 4.05 per cent, while histoplasmin-positive, tuberculin- 
negative were 40.56 per cent. Of particular interest is the fact that only 
4.36 per cent were histoplasmin-negative, tuberculin-positive, while 51.51 
per cent were negative to both tests. Thus, of the whole group, while 44.13 
per cent were positive to histoplasmin, only 8.41 per cent were tuberculin 
reactors. As will be shown later, this percentage is not a true index of the 
population as a whole, since most of these tests were reported from one sec- 
tion, namely, the central Mississippi River basin. In these present statistics, 
those tests that were necessarily not included were those of Palmer," which 


TABLE 1 
Torat HistopLASMIN Tests REPORTED iN LITERATURE 
H+ T+ A+ T— H+ *T? H— T+ | H—T— H— T? 
To > 
2.8 27.0 8.9 3.0 34.8 Dee 
Ota NOM tone eee ee 10,732 Total: Nowieen seen eee 17,048 
OT eg S ts hp aN te sath eas Ae Se 38.6 Cy WAS IRE SS ete eRe 61.4 


Total—27,780 


* Tuberculin results not reported. 


TABLE 2 
RELATIONSHIP OF HISTOPLASMIN AND TUBERCULIN TESTS 
% | A+ H— Total 
Ase | 4.05 4.36 8.41 
T- 40.56 Sie 51 91.53 
Total | 44.13 Serateve 100. 
Lotalmumberjof Casess ieee oe ee ae ee 18,746 


were more general in distribution. His over-all percentage of positive re- 
actors In a group of 8,141 tests was 20.9 per cent. Thus, these present sta- 
tistics are not comparable. Their importance lies only in the comparison 
with the tuberculin reactors, which, unfortunately, Palmer did not report. 
TABLE 3 shows the histoplasmin-tuberculin reactions of 2,577 (16.1 per 
cent) patients reported from a group of 16,006 patients studied.13: 14. 16. 28, 24 
All these patients showed varying degrees of pulmonary calcification by 
roentgenogram. Here, it is interesting to note that 82.5 per cent reacted 
positively to the histoplasmin test and 18.3 per cent reacted positively to the 
tuberculin test. Thus, the positive reactors are four times as great as the 
percentages of Palmer" (20.9 per cent) and twice as great as the over-all 
percentage reported in this paper. The percentage of tuberculin reactors 
is quite low considering that all these patients showed evidences which here- 
tofore had been considered almost pathognomonic of healed tuberculosis. 
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A ge. The majority of these tests reported in the literature have been 
applied to children. Of the reported 27,780 tests, 62.7 per cent have been in 
the age limits of birth to 18 years. Furcolow,” in reporting 16,000 school 
children in Kansas City, found 5 per cent positive reactors at 2 years, 20 per 

cent at 6 years, 30 per cent at 8 years, 50 per cent at 12 years, and 65 per cent 
at 18 years. Christie'® reported somewhat higher percentages of positive 
reactors from Tennessee. He found 18 per cent at 2 years, 36 per cent at 5 
years, 58 per cent at 10 years, 80 per cent at 15 years. Olson? reported even 
higher figures from Virginia, but from a much smaller group. He found 47 
per cent at 5 years, and 82 per cent at 14 years. These are all in contrast to 
our own figures of less than 1 per cent in all ages. 

As far as development of pulmonary calcification is concerned, all these 
investigators found the percentages lagging appreciably behind the positive 
reactors at the same age. This has been explained by the reasoning that it 
takes quite a bit longer to develop the calcifications than it does the sensi- 
tivity and probably it takes several repeated invasions by the organism to 
cause enough calcification to be seen by X ray. 


TABLE 3 


RELATIONSHIP OF HISTOPLASMIN AND TUBERCULIN SKIN TESTS 
TO PULMONARY CALCIFICATION 


H+ T+ H+ T-— H—T+ H— T— Total 

INC elon eat 335 1791 137 314 2577 
Ce a at a 13.0 69.5 Oya, 12.1 Gee 
Shots MIM beROLteStSeped .... 2 Soeehars sh. RPh can eRe Ta SS Ge Glee She 16,006 


In the older age groups, the percentages of positive reactors have ranged 
from 20.9 per cent reported by Palmer" to 85 to 90 per cent, reported by 
Christie!® and Furcolow.” 

Sex and Race. Sex does not appear to be a factor in histoplasmin sensi- 
tivity. However, Furcolow” is the only one who has reported this aspect in 
any detail. More investigation is needed before a definite statement can be 
made. As far as race is concerned, the white race seems to be more sensitive 
than the colored race, but this is not enough to be of any significance. 

Location. Of the 27,780 tests reported, approximately 20,489 (73.7 per 
cent) have been from the mid-Central states, and most of these from Kansas 
City or Tennessee. Thus, the percentages may not be an exact index of the 
whole picture. In the few studies that have included a wider selection, 
however, the percentages have been about the same. Palmer," as stated 
before in this paper, found 68.3 per cent of positive reactors in these mid- 
Central states. The Southwest and California fell far under this percentage. 
The Southeastern and Northwestern areas showed the lowest percentages. 

Christie and Peterson!® noted a similar distribution, but their percentages 
were appreciably higher in the outlying states. No studies were made in the 
Northwest, West, or Southwest, however. 

One can see that the areas of highest histoplasmin reaction closely corre- 
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spond to the areas of tuberculin-negative pulmonary calcifications as de- 
scribed by Long and Stearns.’ It is from these areas also that the reports of 
histoplasmin-positive, tuberculin-negative pulmonary calcifications have 
come. Most of the reported cases of histoplasmosis have also been from 
these areas. 


Discussion 


The present status of the histoplasmin skin test has been presented. So 
far, a great deal of work has been done and many things learned. A re- 
lationship has been found to exist between the sensitivity to histoplasmin 
and many patients with and without pulmonary calcification. 

This sensitivity has been found to develop very early in life in a large per- 
centage of the patients. Much material has been collected to support the 
theory that the disease is endemic, at least in the Mississippi River basin, 
and that the great majority of the patients get well without any evidence of 
the disease or, at most, a varying degree of pulmonary calcification. The 
test has been found to be of little practical diagnostic value as yet. 

Much remains to be learned, however. The work of Howell” has shown 
that the test depends on the lot and dosage of the antigen used and the stage 
in the disease when the patient is tested. He and Emmons” both showed 
that the result of the test also depends on the general mycotic sensitivity of 
the patient. That is, a positive reaction does not necessarily mean a sensi- 
tivity to histoplasmin. It means that the patient is sensitive to one of 
several mycotic antigens, particularly blastomycin. 

‘ Howell’s” suggestions for standardization of the antigen and determining 
the titer of each lot is certainly a step forward. Further clinical titrations 
with blastomycin are in order. The specificity of the test must be improved 
before any definite deductions can be made. Further studies on a more 
generalized nationwide basis must be done. 

Emmons" reports the isolation of H. capsulatum from a hilar lymph node 
in a child with pulmonary calcification. None were found in 35 other cases 
examined. More proven cases of this kind are necessary before one can 
definitely prove that the calcification is caused by histoplasmosis. 

Whatever is lacking in the present picture of the specificity of the histo- 
plasmin test, the evidence of its relationship to the tuberculin-negative pa- 
tient with pulmonary calcification certainly cannot be ignored. This must 
be more than circumstantial and has opened up again the interest concern- 
ing this subject.* 
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GROWTH OF PATHOGENIC FUNGI ON MEDIA 
CONTAINING SINGLE AMINO ACIDS 


By Reginald M. Archibald and Frederick Reiss 


Hospital of the Rockefeller Institute for Medical Research, New York, N. Y., and Department 
of Biochemistry, School of Hygiene, Johns Hopkins University, Baltimore, M: aryland; 
Department of Dermatology and Syphilology, New York University-Bellevue Medical Center, 
New Vork, N.Y. 


The combined efforts of biochemists and mycologists seldom have been 
brought to bear on a study of the amount and character of growth resulting 
from utilization of single amino acids by fungi pathogenic to humans. Rel- 
‘atively few studies have been reported which indicate the amino acid re- 
quirements of fungi pathogenic for man. Much more has been done on the 
nutrient requirements of nonpathogenic fungi. Anderson and Emmart? 
studied the relation of certain amino acids to.carbon dioxide and mycelium 
production of Fusarium oxysporum and reviewed the significant literature on 
amino acid metabolism by fungi up to 1934. They observed that, of the 
amino acids tried, aspartic acid was outstanding in its ability to produce 
mycelium when added to a basal medium containing glucose and inorganic 
salts. Mosher et al.? studied the effect of various minerals, carbohydrates, 
and amino acids in his work on the nutritional requirements of Trichophyton 
interdigitale. In studying the effect of different amino acids, they omitted 
one or several amino acids from media which were otherwise fairly complete, 
and which contained minerals, vitamins, carbohydrate, and all of the other 
amino acids which were readily available to the workers. Benham? re- 
ported that addition of asparagine to a medium containing oleic acid, glu- 
cose, and inorganic salts increased the yield of Pityrosporum ovale. Robbins, 
Mackinnon, and Ma,‘ in studying the effect of vitamin deficiency on the 
growth of Trichophyton discoides, observed that they failed to improve growth 
by the addition of many amino acids to a basal medium containing peptone. 
Robbins and Ma’ studied in detail the growth requirements of Trichophyton 
mentagrophytes (T. gypseum). They added amino acids singly and in com- 
bination to a basal medium containing inorganic anions and cations and 
purified agar. Gottlieb® investigated the utilization of amino acids as a 
source of carbons for the growth of two nonpathogenic fungi. A some- 
what similar study had been conducted by Baker and Smith’? with Coc- 
cidioides immitis. Robbins and McVeigh’ observed that hydroxyproline in- 
hibited the growth of 5 pathogenic fungi, including T. mentagrophytes (T. 
gypseum) and T. purpureum, when asparagine was the only other source 
of nitrogen in the medium. The inhibition produced by hydroxyproline 
was largely overcome by the addition of proline but not by the addition 
of any one of 13 other amino acids. 

It has become apparent that, for a study of the effect of different amino 
acids on growth, the use of fungi (more highly differentiated than bacteria) 
has several advantages which do not attend the use of bacteria. Because 
there is more opportunity for morphological variation (there being a greater 


1388 


Archibald and Reiss: Biochemical Implications 1389 


variety of structures which can be affected by the nutrients), an effect of in- 
dividual amino acids on morphology can be observed readily. Conse- 
quently, the authors undertook to study some of the effects of individual 
amino acids on the rate, amount, and character of growth of 13 fungi patho- 
genic for man. 


Method 


The basal media employed contained 4 per cent glucose, 2 per cent (un- 
purified) Bacto agar, and 0.33 mg. per 100 cc. of each of the following vita- 
mins: thiamin hydrochloride, riboflavin, nicotinamide, calcium d-panto- 
thenate, ascorbic acid, and pyridoxine. Sodium phosphate buffer, pH 7.2, 
was added to give a concentration of 0.016 M. 

Fifteen cc. aliquots of basal media were placed in Pyrex test tubes 20 & 250 
mm. containing sufficient amino acid (peptide, or peptone), as listed below, 
to give a concentration of 0.25 per cent of the /-form. 


ALIPHATIC ACIDS AROMATIC, OTHER CYCLIC, AND OTHER 
Sulfur-containing Noncyctic STRUCTURES 
l-cysteine hydrochloride Basic amino acids 
dil-methionine l-arginine 
glutathione l-lysine 
Dicarboxylic acids and amides /-histidine 
l-glutamic acid Non-basic cyclic acids 
/-glutamine l-tyrosine 
l-aspartic acid /-phenylalanine 
l-asparagine l-tryptophane 
Monobasic monocarboxylic acids l-proline 
glycine |-hydroxyproline 
/-alanine para-aminobenzoic acid 
J-leucine casein hydrolysate 
dl-isoleucine none 
dl-valine peptone (Pfanstiehl) 
dl-serine heart extract 


dl-threonine 


The amino acid solutions used to make the media were adjusted to pH 
6.8 with 1 V sodium hydroxide solution. One tube containing no added 
amino acid and another with peptone served as controls for comparison. 

In addition, the effects of adding an extract of unheated dog or beef 
heart? 2° muscle and of combining 2, or in some cases 3, of certain amino 
_acids were studied. 

The phosphate buffer (pH 7.2) was used so as to minimize the effect of the 
different amino acids on the pH of the final media. Autoclaving at 15 lbs. 
pressure for 30 minutes lowered the pH to 6.5. 

Glutamine solution and the heart extract were sterilized by filtration 
(Berkefeld)!° and (when used) were added to the basal media after the latter 
~ had been autoclaved and cooled to 40° C. and not more than several hours 
prior to inoculation. Glutamine solution, whether by itself or as present in 
heart extract, is unstable to heat, especially in the presence of phosphate.” 

Analysis of these amino acids for carbon, total nitrogen, and a-N H, nitro- 
gen indicated that all except glutamine were of a high degree of purity. The 
glutamine assayed enzymatically” 96 per cent. This was by far the best 
grade available on the market. 
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The preparation of casein hydrolysate employed was one which has been 
reported to have a high content of those peptides which are included by the 
name “‘Strepogenin.” 

Each tube was inoculated with an amount of the respective fungus not ex- 
ceeding the size of a small pinhead and weighing less than 2 mg." ‘The 
species studied are Microsporon audouini, Microsporon lanosum, M icros poron 
fuloum, Trichophyton purpureum, Trichophyton gypseum, Epidermophyton 
inguinale, Achorion schoenleini, Monilia albicans, Blastomyces dermatitides, 
Histoplasma capsulatum, Hormodendron pedrosi, Sporotrichon schenkt, and 
Torula histolytica. 

Tubes were kept at room temperature (23-28°C.). The rate of growth 
was determined after 7 and 14 days by measuring the height and diameter of 
the growth above the surface and depth and diameter of the subsurface 
growth. Note was made of the character of the growth variants such as 
texture, groove and pigment formation, striking appearance of subsurface 
growth, appearance of colonies under a Wood’s light, and microscopic 
changes of growth characteristics and variations. 


Results 


Photographs of some of the 14-day cultures appear in FIGURES 1 to 11. 
Detailed measurements of the size of colonies and descriptions of microscopic 
appearances will be reported elsewhere. 

One of the authors has observed" that the viewing of colonies under ultra- 
violet (or violet) light is a distinct aid in differentiating some species of bac- 
teria or of nonpathogenic fungi which show identical cultural characteristics 
in ordinary light. That is, some species of bacteria and fungi, especially 
when grown at room or ice box temperature, develop substances which 
fluoresce strongly under a Wood’s light. However, the pathogenic fungi 
here studied failed to show any striking appearance under the Wood’s light. 

The nature and amount of growth of T. gypseum on the various media 
closely resembles that reported by Robbins and Ma? for T. mentagrophytes. 

When media containing agar, glucose, vitamins, phosphate buffers, and 
any one of several amino acids are inoculated with pathogenic fungi, some 
growth occurs. When the only amino acid present is hydroxyproline, the 
amount of growth is very small, and may appear microscopically to consist 
of a few filaments extending below the surface of the medium. If, however, 
the single amino acid present is glutamine, glutamic acid, or arginine, the 
growth is abundant. When any one of the other‘amino acids is present, the 
amount of growth is intermediate between that obtained with glutamine and 
that obtained with hydroxyproline, and the relative amount of growth ob- 
tained depends not only on which amino acid is present but also on the spe- 
cies of fungi used for inoculation. 

Although fungi grown on media containing only one amino acid have not 
been hydrolyzed and analyzed for amino acids, they may be expected to con- 
tain proteins as postulated by Robbins and Ma.® These proteins contain at 
least several and probably many amino acids. Because of lack of actual 
analysis of hydrolysates of the growths, caution must be exercised in drawing 


Archibald and Reiss: Biochemical Implications 1391 


conclusions. However, the implication is that the pathogenic fungi studied 
can use the amino nitrogen of any one of several amino acids to synthesize 
other amino acids necessary as building blocks in the formation of the proto- 
plasmic proteins characteristic of the species with which the media are inocu- 
lated. Any one of these organisms is capable of synthesizing proteins neces- 
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FrcurE 1. Colonies of Microsporon audouini grown for 2 weeks on media containing the indicated amino 
acid(s) or peptide(s) as a source of nitrogen. Reflected light. 


sary for its growth and cell structure from any one of several amino acids. 
For example, the colony which grew on the media containing no amino acid 
other than arginine contains, presumably, a protein made up of peptide 
linkages between several kinds of amino acids in addition to arginine. That 
is, given one amino acid, these organisms can synthesize other amino acids 
from it. This ability to synthesize other amino acids appears to be greatest 
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when the nutrient amino acid is either glutamine, arginine, or glutamic acid. 
However, leucine, asparagine, proline, and phenylalanine likewise appear 
capable of acting as precursors for other amino acids. This is true to a much 
smaller extent of hydroxyproline, para-aminobenzoic acid, tryptophane, 
lysine, and methionine. Even the simplest amino acid, glycine, gives good 
growth with Microsporon lanosum and moderately good growth with Micro- 
sporon fulvum, although very poor growth with Microsporon audouini. 

The only amino acids which, when present singly, support fairly good 
growth of Achorion schoenleini are arginine and leucine. 


Trichophyton 


Ficure 5. Colonies of Trichophyton gypseum grown for 2 weeks on media containing the indicated amino 
acid(s) or peptide(s). Transmitted light. 


Slight differences in structure of the amino acid cause great differences in 
their ability to support growth of fungi. For example, growth of all species 
tested is better on proline than on hydroxyproline—better on leucine than on 
isoleucine. 

Certain amino acids seem to favor the development of certain types of 
growth. The cultural characteristics of the colonies are in many cases de- 
termined not only by the species used but also by the amino acid present. 
Thus, a very pronounced coarse arboration of subsurface growth is noticed 
with Trichophyton gypseum (see FIGURE 5), most marked when the amino 
acid supplied is asparagine. 


Discussion 


It will be observed that the list of several amino acids which can produce 
good growth has no apparent relationship to the list of amino acids which are 
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essential for mammalian growth. Rather, it appears more closely related to 
the facility with which its members can participate in reactions involving 
transamination. The ability of pathogenic fungi to synthesize many amino 
acids from a single amino acid should not be surprising in view of the much 
earlier findings of plant physiologists who studied conversion of seed proteins 
to glutamine and asparagine and the reconversion of this glutamine and 
asparagine to proteins built into the growing seedlings. 

There is considerable data in the literature which indicates that non- 
pathogenic fungi and yeasts are likewise capable of synthesizing numerous 
amino acids from a single amino acid. Kraut and Schlottmann'’ analyzed 
yeast protein, indicating its percentage composition of histidine, lysine, 
cystein, tryptophane, and tyrosine. Block and Bolling’* indicate the amount 
of ten essential amino acids present in yeast powder. Klose and Fevold” 
(cf. also'’) grew Torulopsis utilis and Saccharomyces cerevisiae on molasses 
(which is chiefly a carbohydrate medium) and found that the protein in the 
yeast so grown, although somewhat deficient in methionine, apparently was 
otherwise a fairly complete protein. Tumara!’ showed that a Mycobacterium 
lacticola, growing on a medium containing, as the only nitrogen sources, 
asparagine and ammonium lactate, synthesized arginine, histidine, lysine, 
phenylalanine, proline, valine, and tryptophane as well as other amino acids. 
Abderhalden and Rona” observed that Aspergillus niger synthesized glycine, 
alanine, leucine, glutamic acid, and aspartic acid as they grew when the 
media contained any one of either potassium nitrate, glycine, or glutamic 
acid as the nitrogen source. Vorbrodt* isolated tyrosine, leucine, and ala- 
nine from the protein synthesized by Aspergillus niger growing on a medium 
containing only inorganic nitrogen. Skinner,” asa result of feeding tests on 
rats and crude colorimetric tests, concluded that the proteins synthesized by 
Aspergillus niger, Trichoderma konigi, Zygorrhinchus moelleri, Aspergillus 
oryzae, Aspergillus terreus, and Penicillium flavo-glaucum contained all of the 
so-called essential amino acids even when grown on medium containing nitro- 
gen only in the inorganic form. A somewhat similar observation has been 
made by Takata™ with Aspergillus oryzae. 

In general, it may be said that Hormodendron pedrosi and the yeast-like 
organisms studied, Monilia and Torula, do not have as exacting amino acid 
requirements as the other species. They grow fairly well when any one 
amino acid is present. 

Williams”: ** has conducted numerous experiments with a wide variety of 
fungi and observed the amount and nature of the subsurface growth obtained 
when his medium contained hydrolyzed hair or skin, or cysteine, or when 
high oxygen tension was maintained. Williams observed that abundant 
subsurface growth occurred not only when cysteine was the amino acid 
present but also when it was substituted for by other amino acids. 

Our work appears to indicate that subsurface growth is abundant when 
the medium is inadequate for optimum growth. The greater the number of 
amino acids present, especially if these amino acids are capable of supporting 
good growth, the smaller is the amount of subsurface growth obtained. The 
subsurface growth appears, then, to represent an attempt on the part of the 
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organism to reach out for nutrient of better quality or greater variety than is 
present near the surface. 

Because the agar was not purified and contained some nitrogen, it might 
be argued that this nitrogen supported some growth. Furthermore, some 
may say that the inoculum contained some amino acid or protein which in- 
fluenced the amount of growth. However, because of the very small amount 
of growth found in the control tube to which no amino acid was added, it can 
be concluded that the effect of amino acid from the inoculum and agar was 
almost negligible. 

Most of those amino acids which fail to support growth should not be re- 
garded as inhibitors. Rather, it may be assumed that the organisms are not 
able to convert (at sufficient rate) such amino acids to any other amino acid 
which in turn could act as a precursor of all of the acids necessary for building 
the proteins required for growth. For example, as seen in FIGURE 1, M. 
audouini fails to grow on medium containing histidine, methionine, or trypto- 
phane either singly or combined. If, however, histidine is added to an ade- 
quate medium containing peptone, the growth obtained is as good as if histi- 
dine were absent. Addition of methionine to peptone even slightly increases 
the growth obtained. 

The inhibition of growth (of T. mentagrophytes, etc.) noted by Robbins et 
al., when hydroxyproline was.added to media containing asparagine without 
other amino acids, is interesting. Thatthisinhibition is overcome by proline 
is not surprising. It appears likely that hydroxyproline competes with 
proline for the same enzyme systems which convert these amino acids to 
other amino acids. The hydroxyproline is less readily converted and so may 
act as a competitive inhibitor. Because other amino acids are not as closely 
related structurally as these two, they do not compete to the same extent. 
However, if the medium is adequate with respect to all amino acids, the need 
for action of these enzymes which convert one amino acid to another disap- 
pears, and growth then would be expected to be less inhibited by the presence 
of hydroxyproline. 


Summary 


Thirteen species of fungi (or yeast) pathogenic for man have been grown 
on media containing carbohydrate, minerals, vitamins, and any one of several 
amino acids. Most of the amino acids when present singly are able to sup- 
port growth and therefore are assumed to be transformed into all of the other 
amino acids necessary for building cytoplasmic proteins, as postulated by 
Robbins ef al. for T. mentagrophytes and by many others for nonpathogenic 
fungi and yeasts. The amount and character of growth depends not only on 
the species used for inoculation but also on which amino acid is supplied asa 
source of nitrogen. The amount of subsurface growth appears in general to 
be inversely proportional to the ability of the amino acid supplied to support 
growth. The more adequate the medium, the less deeply do the subsurface 
filaments penetrate. Those amino acids which most readily support growth 
are not necessarily ones regarded as essential for mammalian growth. Hy- 
droxyproline, lysine, tryptophane, histidine, and methionine support growth 
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very poorly. The yeast-like organisms studied and Hormodendron pedrosi 
are less fastidious in amino nitrogen requirements than the other organisms. 
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